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PREFACE. 



DuRirro die {)iu>t forty yean I liavu dvrDted tnacli timft to the expcri- 
raonul iiivcsti;;atioii of scientific lopic**, ami have published tlio result* 
in variouii jotirnaJts ptimphloto. nnd the ti-sDWctiotis of learaod Bucivtiea. 
Tlicy Itavc bccu hiively di.'?«cmiii»tcd id European languagtw, and mmy 
of tlio cnnduxion^ they Imvo piwiitcd bare been adniilt«d into th& 
accepted body of scicnlific knowledge. 

It hvA tlK-refon* become desirable for mc to collect th«»o scattered 
mrmoint nnd fn-^tv!^ toii^i-^thor, and, siuce th«y are too voluminona to be 
pnbIt»hod in full, to offer an nl>ridpnent or conden.sation of ihoHC that 
ar« of lew interest. I propqw in tliis book to include only such as aiw 
ronm-i-tcd with the; <;ffeots of I^lfldiAtirmA or of IL-idiant cntrtry, ihnso 
having I>ren distingiiiftlied by the American Auuleiiiy of Scicnve, as maoi- 
fuited by itn awiud to me of the Ituiuford medal for discoveries in liglit 
aud beat. A statement nf the action of the Academy ia aoncxed. 

Betides tbeac, I have sL-rnnil other meniolrti on tdtcmical, electrical, 
and pfaysioU^cal topiL-e, Rome of them hitlierto unpubliRbcd. Tlraso, for 
tho piwont, I must reserve. 

Among mitny other giil)]!^:!^ treated of in these piu^m] the reader will 
find an iuveatigatiwn of the temperature at wliich bodies become red-hot, 
tlie nature of the Uj^lit ihcy emit at different d^^gree*, the connection l>e- 
twccn their cnnditiori as to vibration an<l their heat. It is ehown that 
ignitetl Milidft yield a spei'triini that is continuous, not interrupted. This 
has become one of the funihimental fncts in astronouiical spectroscopy. 
At the time of the publication of tliis Memoir, no one in Amorica lutd 
pvea attention to the Hpcrtrowo|K', and, except Praunhofer, few in Eu- 
rope. I ihowed that tbo fixed lines might be pbutu^niphcd, doubled 
their number, and fnnnd other now ones at IW* red end of tbe spe^tram. 

lie facta ihiw dis«'>verr"l I appIi(,Hi in an invcstigalion of the natnri! of 
le and the condition of the »un'» surfncc. I showed that under cer- 

lu circumstances raya untaf^iiizc each other in their chcmicid effect, 
and tJiat tlu^ diffraction H|H><-,tnitn has ^cal adi-antagM over the prismat- 
ic, which is necessarily distorted. [ attempted to ascertain the distribn- 
tiou of heat iu thu di^niction s]M-ctruti), nod pointed out that ^reat jmN 



^ FKEfACE. 

Tutafces arisft if war^-Iengths arc usi'd in the description of pTiotogmphie 
phenomenn. I published steel eii^nvin^ of that spectrum m inT»n£;ed. 
I inado an iavcatigalloD of pUu!iplK>n:sccncc, and ottui&ed phtrsphores' 
cent pictures of the moon. Up ti> thiit time it hud been miipputted that 
the f(Kii natural phenomenon of the decouipo^tion of eardonii; acid 
by planl.« WHS accomplishcil by the violet rays of light, but by pi^rfonu- 
ing that decompo'iitioii in llie spectnim itself, I xbowrd that it i» effected 
by the yellow. Under \Try favorable circumstances, I examined the tx- 
perimentjt snid to prove that liglit out produce nnagnetism, and found 
that thc-y had led to an incom-ct cuTieltuion. Tlie tir«t photographic 
portrait (rum the life wa* ninde by mt- : the procejM by which ii waa ob- 
tained ia herein dt9Kril>ed. 1 also obtained lUc fint photograph of the 
tno<in. I itindc many uxpcrimente on anil discorereil the tnie explana- 
tion of tlie erystjill illation of camphor towards the light. Ulicn Pa- 
giierre'rt proi-ftwi was pnbliahod, I gare it a crilieal eraminatinn, and 
di-Mrribed the ftoalo^uH cxiistiug between tixe phcnomoua of tbv chemical 
radiations and those uf heal. For the puri)o*c of obtaining more accu- 
rate rcanlla in thc-.<>c varioui* in<]mnes, I invent^^d the olilor- hydrogen 
photometer, uud examiiit--d the uioditieatioaK that ebloriue undergoes in 
ita allolropic state*. Since in snch rc»earche« more detiotte thermom- 
eters aro requirt'd than our ordinary OBes, I entered on nn inve^tgation 
of the electni-inotive power of heat, and di»oribLHl iinprovetl fonus of 
electric thermumeterE. lu the^e memoirs will be found a description of 
the method mode u»e of for obtaining photogra]»h.i of microscopic ob- 
jocta, together with epeeimens of the results. In a physiological digres- 
sion r&tpcctinif inlen^tilial tnoremt^it)^ of itiilHtanccts T examined the pas- 
eagu of gases through thin tilins ■such a» soap-bubbles, and the for^o with 
which these mov«ment« are AcMimptishiMl, Applying the factA so gathered 
to an evplanation of ihe einnilatlon of the sap in plantM, and of the blood 
in animalis. Ketuming to fin imjuiry as to the distribution of bent and of 
chemical force in the spcclruui, I was led to conclude, in opposition to 
tho cnm>nt opinion, that all the colored ftpace* are fHjnally warm; and 
that. «o far from one portion — the violet — being distinguii*hed by pro- 
ducing chemical clfvcta, ercry ray can aceumpli'h »pecial chanife^. This 
series of experiments on nulialiuns is concluded in tbi" rohimc by an 
cxaminAtion of iJio chemical action of buming4cn9en and mirrorB. 



I have ondearored to reprudnee thcac memoirs as they were original- 
ly publiithe<L When considerations of conciflcnoH have obliged mc to 
bo contented with an abstract, it liaa always l>e«n fo Mated, and the 
phicc where the original may be found Iioh been given. Sometimes, the 
circumstancefl Meming to call for it, ndditional matter has been intro- 
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daccd; Init tliia ba« silwavs been fonnidly indiented under tbc title u( 
KoTM. or imiludptl in pnnMitlieses. An insiftin-c of iKp former occur* t>a 
|iagc 45. of tlu! luttvr oa page 30. WoihK'uu nnd tlu-ir vsjilatiAtiuii, h.*]- 
dviD occurring in th<.> original publioilions, have Ih.«o introduced. They 
have for the rutwt pitrt Iiiic-u uhuiueil from loiue popular urticle* pub- 
Ibhed by mo in Harjitrn Maitazlne, 

Kxct'pt in a few iuHUincets I luivc ndlit-rvd, in tbcov mviiioin;. to the clicin- 
icftl nuineoclatim.' io use aMho tiiiiu tliuv wurc writtou. Tliuui;Ii oft<>n 
very weighty reaaOQa maj be given that tbu dL^i^^jilioaa under whi<-)i 
•tuliftlAncw pmw might be niatlv more in Bccordawc- with ihcir cunstila- 
tion or proportiv*, and tbervfvfrc irion' t-urrci:!, yot snob arc the uon- 
finioiK, Llie tncoDvcnieuocA, the dilticullicfl iitbcmliog nn intniduutioii uf 
tH'w naniea, that sweeping cliutip.-« of uomi-'ncUtun' «huuld ucrvr W in- 
Irixhiirv'l until tht?y liavi: bi>:iiimi Mlut»lutcly indinpenwibh'. Lii Memoir 
X., which treats of tlic ac1if>n of thi- tcnvi-^ of plants under the influcnt-r 
of yuUow light, I have prcIvrrcU to rutaiu the tvnu curbuuic acid iiibteod 
of any of it» more recent »ynonym«. 

Ilt-ro and there thf nmlcr will di'tect statcmrntA thiit *x.wa 1i> bi* con- 
tn»dictury. On i-xaiuimitiou, liowcver, be will find that this tristfi from 
L'haug^s which tho ;cvncr9il progren of Mrience bad nuiitc npix'»»ary. A* 
an illuslffltion of what I mc«n, I may refer to what i.« given as nrganb 
waTo-lcngthM (from Mosotti) nn page \\-i. 'YhvaM nnmbi^ni do not agree 
with tlu! more exact onee uf Angstrom, page lay. It i» l>clter in «u<;b 
caM» to let the original ittatcmonis &tand. 

The paged offend in this vnlinoe, thungh not very numirroiK, repnv 
MNlt a viTV hirpp nmoiml of work, tbc uccupatioii of niRnj ycant E«- 
perim<.*nljd invwtignli-'n, to borrow a phnwo cinplnyctl by Ki-picr ivepect- 
ing the to.'rting of hypotbcws, is "a very great thief of lime." Somi- 
tlmcs it iNwtjt many days to detcnuiuc a fact tlwl can bi- slnU-d in a line. 
Thi) lliiniT! R'lalt-d in these memoirs hare conimmed much more than 
forty )t.i\n. 

Siirh a pnblioation, ihcTefopp. afsoniai the cbnractcr of an aut«biog- 
i^tby, Hinw it is wwntially a daily narraliru of the occupations of its 
author. To ft reador imbm-il with the true spiril of philosophy, cren 
tbc fthort«oming» cfinily deUs-tablo in it «ri- ni>t without a chwrm. From 
the better horizon he has gained h« watche* hi* autlior, who. like n 
piotH-cr, ip douMfullv finding his way, horo trarclling on a track that 
leads to nothing, then retracing bis footxteps. and again, undt-terrwl. 
making attnnplB until auceew chjwtis his cxertionR. To explom the 
path to truth implies many waDdcring», many in.-)uirio<>. many mi^- 
takes. 

Perhaps, then, wnw tbU book is a «ort of autobiography, it» rradcr 
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will bear with me if ] tiy to make it more compl«t« by here cefcning t*) 
other soicntific or historical works to which I huve heeo cognged. 

lu «arly lifv 1 had felt « strwug deairo to devote myself to ibo experi- 
mental stud)' of Einturc; aud, luippenmg to sec a gla&s containing some 
camphor, portions of which bad been caiucd to coudenso in very beauti- 
ful crj'fttnl" i>n the illuuiiiiati.H] *ide, I wn* induwil to rfwl ov«rvthing I 
noold obtain respecting tliu cheniicHl and me^'hAnioal influi<rii-4>fl uf lii^ht, 
adhcuoD, and capillary allraction. Experiments I i'oon made in con- 
oeotion wtlli \hv*e< topics are deAcribcd in thc-HC memoire. Si)U£ of 
ihcm I nsod in a ThesU for the degree of Dorlor of Mciiioino in tho 
University of Pennsylvania. My thoughts were thun directed to pbysi- 
ological studies, and I published paper* on tbe^e topics in the Amrri- 
aiH Journal of Mtdicai Seifnce*. Tlio favorablo iinprcsMon they made 
caused me to he iippointed, in 1836. Professor of C'lieniislry and Pbyiii- 
ol<^y in Uanjpden Sidney College, Virginiii, an appuintnii.'Ut wbicb en- 
abled me to convert e][perimi>ntal investigation, thus far only an amuse- 
ment, into the appropriate ocriipHtion of my life. 

Several of the memoir* contained in tliis volume vero Corapo»od at 
that lime. To them I was indebted, withont any appliciitiim on my part, 
for an appointment (o tlie I'rufcMoniliip of t'liuiuit^try and I'hyuulug}' 
in the UiuvvrBity of New York. Soon afterwards I published a work 
on the Forces that Produce the Organization of I'lants. The lectures on 
Physiology I gave ai tlwl lime I lin|iruvi'd from year to year, and at 
length published them as a trcati»e on Uuutau Physiology. It was very 
favorably received by tbe medical profoMion. 

Among new eupcrimeiits and eiploralions on physiological subjects 
contained in that buok may be mentioned the Delecting action uf mem- 
branes: cause of the coagulation of blood; theory of the circulation of 
the blood; explanation of the flow of snp; cndoemoeu tbroogli thin fllni»; 
measure of the force of endosmosis : rtspiration of fishes ; action of the 
ttrganic muscle fibres of tlie lungs: altotrnpiMm of living oystenH; new 
observations on the action of the skin : functions of nerve vesiples and 
their electricnl analogies; function of the sympathetic ncrxe; explanation 
of certain parts of the auditory apparatus, particularly of the coehtea 
and femicirrnlar canals : the theory of vision ; the theoiy of muscular 
con Intel ion. 



From tho study of individual man it is but a stop to the consideration 
of him in his social relation, and this, nccortUngly, had been done in the 
xinvind part of my work on Pbyiology. But the subject being too ex- 

aire to be dealt with satisfactorily in that nuuiner, I published tha 
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mftU-riiiU riiitt I liaJ collct^ted in a ecparnte book, under the title of " A 
Ili-ilorj- of the Intellvcliiail iX-rt-topiiK-iil of Europe." Tbc oIi)Gct of 
ibis was roaintj 1o poiot out thai the intellectual progroH of DHtinns 
procet-ds In the ramc course an the intvllvclual devvlopmont of tJic indi> 
vidua!; that th« movement of tuvh is nvl fortuitous, hut under the 
dominion of hiw ; tliut llie »tii{ro^ of per«ionnl devclopDient ai« pamllclod 
by the slnj^es of ^oetftJ devctojiint'Dt, nod, inileed. us palit'ontolog^' has 
proved, by the evolution of all Htiiiimtvd iiHturc; that there is no wwent 
of tnnn through well-mftrltod cpwhs from llie rmisl liarSaroiis to the nitwt 
highly civiiiitcd condition. This book whs tmn^lntcd into many Isn- 
gua^'v: in ^oine of thi.-ii) m-venil (HlilioRH of it wi^re iwuied. I'urtiutM 
of it rolatin;; to MohnmnH-dan furiencc were translated into Arabic. 

About this time, circumstances l«I mc to deliver licfore the New York 
nittorical Society a course uf lootures on Ampricau topii^s. coniidercd 
from a wtnilsr point of vifyv. TbitK; were enlarged, nml piiblifthed un- 
der the title of "ThoughtR on the Civil Policy of America."' Tliis, like 
the prvveding, was cxtcOMvcly traoslatcd and cinrulated. Thv tmin of 
invcAligatino on wliii-h I h»i| thu!> entered hd mo to a far more mtiouk 
undertaking — a " HisUjrj- of the .SnierirJin Civil War," «lucli had just 
then cloved. To this moreover, 1 wa-i incited by tlie earnest rc(ju?«t of 
•omc who bad been chief ftcti>rs in the cventJS and who very effective!? 
aided me. I bad the inestimable nilvantaffe of enjoying the fiiendsbip 
of many wboi^> nnnics have now become itiustrioiia in eounection with 
tbo»e time*. The Secretary jf War gave me aecenn to the publte doeu- 
mcnta <^n both side«, and 1o him I wa.-^ indebted for guidance in the de- 
scription of many of the most important ineidentK and the eour>e of ua- 
tionaJ pdlit-y. To generalit who had i^onimanded iu grt-at batli^'M ami 
coaductcd grrat campaignR I owed infonnation which ihey alone could 
impflrt, and, in like manner, raof^l valuable HHsi»tanec was given mc in 
upectal caH'!!' by pprK>ni< eminent in military and civil life. Il h often 
uid ibnt ihc history of any very great &oeial event rannnt be corrcctlv 
writttiu by a conlt'mporaneoHs author, and tlial vre munt wait until 
pauioos have sub-Mtlod and inlervsta cea»cd for a narrative of the tnitb. 
Rnl thin \» not ho. Morc depends on tliB imjuirtiality of the uriter tliun 
«n the dtudening liipHi ortim<.\ Tliu iK-fit liixlory will always l>e wntt4-n 
by one who hna bad the bent opportunity of getting at the facta, who 
haft bad the privilege of the friendslup or p*'P«onal acquaintance of thoar 
who liavo been conspicuous iu thtt events. 

No one can consider the intellectual development of Europe without 
contemplating the forces ihut have brought that continent to iu* present 
aodal condition — forces that bavc never ceased to be in active oppo«ItioD. 
Undor the title of a " History of the Conflict of Religion and Science," 
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I endeavored to describe tbeir warfare. This work bas passed througli 
a great many editions in America and England. It has been translated 
into French, Spanish, German, Russian, Italian, Polish, Servian, etc. It 
finds very many readers in Eastern Europe. And of some of these 
translations several editions have been issued. 

When I thus look back on the objects that have occupied my atten- 
tion, I recognize how they have been interconnected, each preparing the 
way for its successor. Is it not true that for every person the course of 
life is along the line of least resistance, and that in this the movement 
of humanity is like the movement of material bodies ) 

To my American reader I need say nothing for the purpose of secur- 
ing his kind appreciation of this work. I know that he, recognizing the 
difficulties encountered in such a long scries of experiments, will exten- 
uate its imperfections, and regard it as a contribution from this side of 
the Atlantic to the common fund of human knowledge, and especially 
to one of its most important departments, at a period when the main 
subject on which it treats had scarcely attracted scientific attention. 

Nsw TOKK, January, 1ST8. 
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KXAMtXATION OF THE RADlATloys OF RED-nOT BODIKS. 
THE PRODUCTION OF LIGiri HV HEAT. 

[^Tran the Amorii-an Joiirnal of Si i>mi> nnd AriJt, S^cnml Serien, Vol. IV., 1S4Ti 
Ijindon, K<lint)iii')(h, anil DuUin I'liiiiHBipliiciil Mngminci, 5t«T, |t^4Ti llar|w'B 
New MoBthljr Magazine, No. SS2. 

CoKTBXTs: — Ascertaitiment nf the lemperaliire at vhirh Indie* bKome 
ttlf-iuminout ; it if 077^ Fuhr. — Prvof that all mttidt bryin to skinr 
at ihr mime Jt^rtf. — Th*^ t/Mrtrum of itua Mlnrrni mtlitit haa no jirrd 
line*. — Thf rf/errnrr itftrflrum. — Colort of llffkt tmttted as the heal 
inenaaes an ia the order of the tptetrvm. — Frequency of pibrafiou 
inereatft trilh the temptrature. — Intentity a/" the li<fht mulled, — Jtt- 
bntr'ly of the heat radiated. 

AtTnocGH the phenomenon of tlie production of light 
^y all solid bodien, when their tviiipcratur'e is raised to 
a certain degree, is one of the moat familiar, no person 
far ns I know haa hitherto ettenipted a critical m- 
Rseetigation of it. The difliculties euviroiiing the inquiry 
ai'e 80 gi'eat that even anions the moat eminent philoso- 
phers a diversity of o|iinioii has prevailed reHpectintr 
some of the leading facts. Thus Sir Isaac Newtf)n fi.xe<l 
the tempteratui-e at which bodies bpconie self-luminous 
"as 635°; Sir Humphrey Davy at 812'; Mr. Wedgwoml 
at 947"; and llr. Daniel at 980'. As respects the natuiv 
of the light emitted, there aix- similar contradictions. Id 
some philosophical works of considerable repute it is 
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stated tliat \vhen a solid begins to shine it iirst emite 
red and then white rays; in others it is asserted that a 
mixture of Mue and red light is the first that aj>|iear[i. 

I have succeeded in escaping or overcoming many of 
the difficulties of this pixibletii, and have arnved at 
satisfactory solutions of the luain points; and as the 
experiments now to be described lead to some striking 
and perliaps unexpected analogies l>etween light and 
heat, they commend themselves to our attention, ns hav- 
ing a bearing on the question of the identity of those 
principles. It is known that heretofore I liave been led 
to believe in the existence of cardinal distinctions not 
only between these, T>ut also other inipoudeiable agents, 
and I may therefore state that when this investigation 
was firet undertaken it was in the expectation that it 
would lead to results very different from those which 
have actually arisen. 

The following arc the points on which I propose to 
treat: 

1. To determine the pcnnt of incandescence of plati- 
num, and to prove that ditferent bodies become incan-, 
descent at the same temperature. 

9. To determine the ct>K)r of the rays emitted by self- 
luminous lK>dies at difiVrent temperatures. This is done 
by the only reliable method — analysis by the prism. 

From these experiments it will appear that as the 
temperature rises the light increases in refi-angiljility; 
and making due allowance for the physiological imper- 
fection of the eye, tlie true onler of the colors is retl,, 
orange, yellow, green, blue, indigo, violet. 

3. To determine the relation between the brilliancy 
of the light emitted by a bhining body and its tempera- 
ture. 

Ilere we shall find that the intensity of the light in- 
creases fiu" more rapidly than the temperature. For 
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example, platinum nt 2G0O'' emitfi almost forty times &a 
much light US it does nt 1900°. 

The som-ee of light I have employed is in all in- 
stances a very thin strip of platinum, 1.35 inch long, 
and .05 of an inch wide, bi-ougbt to the temperature 
under investigation by a voltaic current. Platinum was 
selected from its indisposition to oxidize, and its power 
of resisting a high teinperiiture without fusion. 

The. .strip of platinum tlius to bo lirouglit to diffeivnt 
iperatures by an electric curient of the proper force 
"was fastened at one end to an inflexible 8U|>port, and 
at the other was connected witli a delit-ate lever- iudex, 
which enabled me to determihe it.s expausiuu, and there> 
by its temperature. For this purpose I have used the 
ooeflicieut of dilatation of Dulong and Petite. The tem- 
peratures here given are upon the hypothesis of the in- 
variability of tliat co<'flifiunt at all thermometric degrees; 
they are therefi>re to some extent in error. 

In Fig. 1, a b represents the strip of platinum, the 
upper end of which is soldered to 
a stout and short copper pin, a, 
firmly sunk in a block of wood, tf, 
which is immovaljly fastened to the 
basis, d tiy of the instrmnent. A 
cavity, e, half 
an inch in di- 
ameter is Kunk 
in the block c, 
"'^ and into this 

cavity the pin a projects, so that when the cavity is filled 
with mei^eury n voltaie current may be passed through 
the pin and down the platintmi. The other extremity 
of the platinum, h, is fastened to a delicjite lever, A/, 
which plays on an axis at {/, the axis working in brass 
holes supjxirtetl on a block, A. Immediately l>eneath 
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tbe platiuutu strip, and In metallic communication with 
it, a striiiglit cop|ier wire dips down into the inercciry 
cup m; on this wire there is u metal hall, /*, weighing 
about 100 grains. The further end of the index plays 
over a graduated ivory scale, jpjo, supported on a block, 
g ; the scale can be moved a little U]> and down, su &» to 
bring its zero to coincide with tbe index at common 
temperatureH. 

Tlie lU'tioii of the inatriimeni h readily understood. 
In the niei'cury cup e let there dip one of the \nre9, N, 
of a Grove's battery of thi-ee or tour pail's, the other 
wire, P, being dipped into the cup tu. The cuiTent 
passes through the platinum, which immediately ex* 
pands, the weight » lightly stretching it. The index/' 
moves promptly over tbe scale, indicating tbe amount of 
expansion, and thei-efore the degree of heat. If the wire 
N be removed out of its nit'rcury cup f, the platinum 
instantly becomes cold, and pulls the lever to the zero 
point 

When the platinum h thin, so as to be quite flexible 
at the point ft, wh<?m it is fastened tu tlu; indux, the 
movements take place with such pronji>titude and pre- 
cision as to leave nothing to be desii-ed. When the 
heat has l>een very high and long coutituied, the limit of 
elasticity of the platinum is fwmewhat overpassed, and 
it suffers a slight ]>ennanent extension. But as the 
ivory &ca,]e p p can slide \ip and down a little, the index 
is readily leadjusted to tlie zero point. 

The temperature of the platinum depends entirely on 
the foix» of the current |Hi.sse»l through It. Ry inter- 
vening coils of brass wii*e of lengths adjuste<l before- 
hand, B« as to resist the current to a given extent, any 
demi'ed temjKiature may 1)e reaclietl. I found it con- 
renient to intervene iu the course of the current a 
rheosUt, so as to be able to bring the index with pi-e- 
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cision to any degi-ee, luitwitlistnndiug slight changes in 
the fwrco of the voltaic battery. 

The following are the ditnensiuus and measures of the 
insti-uuient 1 have used: Length of thu platiuurn sti-ip, 
1.U5 inch; leiigtli of ihu part autiially ignited, 1.14 iiiuh; 
width of ditto, ^ of an inch; length of the index from 
its centre of motion to the scale, 7.10 inches; distance 
of the centre of motion of index fi-om the insertion of 
the platinum at the point b, ,22 inch ; multiplying effect 
of the index, 32.68 times; length of each division on the 
i%"ory scale, .021 inch. From this it would appear by a 
simple calculation, using the coefficient of dilatation of 
platinum given by Dulong and Petit, that each of the 
diviflions here used h e<jual to 1H.5 Fahi*eulieit degrees. 
For the sake of [wrepicuity I have generally taken them 
at 11 o\ 

Tlie Grove's battery I have employed \ui» platinum 
plates thcee inches long and three quarters wide; the 
zinc cyliudei-a are two inches and a half iu diameter, 
three high, and one third thick, A^ u^ed iu tliese ex- 
periments it could maintain a current nearly uniform for 
au hour. I commonly employed four paii-s. 

By the aid of resisting wires of different lengths, or 
tlie rheostiit, the force of the cuiTent in the platinum 
could be varietl, and therefore its temj>erature. The firet 
attempt was, of course, to discover the degree at which 
the metal Ix-gnn to emit lights 

The platinum and the voltaic battery were placed in 
a dark room, the teraperatiire of which was 00" Fahr.; 
and after I had remnincsl therein a sufficient length of 
time to enable my eyes to become sensible to feeble 
impressions of light, I caused the current to pass, gradu- 
ally increasing its force until the platinum was visible. 
In several repetitions of this experiment it was uniform- 
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]y found tliat the index to which the platinum was at- 
tached stood at the eighth divisinii uOien this took plnc& 
The metal had therefore diluted y^^ of its length; the 
elevation of its temperature was ahuut 917", which, add- 
ed to tlie existing height of the thermometer, 60", gave 
for the tempemture of incandescence 977° Fahr. 

To the coiTectness of this number it might be objected 
that, owing to the narrowness of the metallic strip, it was 
not well calculated to make an impression on the eye 
when the light emittwl was feeble, and that we ought 
not to t-ake the dilatations given Viy tlie index as repre- 
senting the uniform temperature of the whole piatinum, 
which must necessarily be colder near its points of bu|)- 
|K)rt, on aocuuut of the conducting power of the metals 
to which it was attached. 

Physiological con si di; rat ions might also lead to a su9pi> 
cion that the selfluminous temperature must viiry as es- 
timated by diffei-ent eyes. The experiments of Bouguer, 
hereafter to l>e referred to, indisputably show that some 
jieiTWHS ait; nnich more M'usitive to the impressions of 
light than othei*s. So far as my limited investigation of 
this matter has gone, I have not, however, found appreci- 
able diffeienees in the estimation of the temperature of 
incandescence. Diffcj-ent individuals observing the plat- 
inum have uniformly perceived it at the same time. 

Against the number 977°, it may also be objected that 
antimony melts at a much lower temperature, and yet 
emits light l>efoi*e it fuses. If this statement were true, 
it would lead us to believe that all liodies have not the 
same point of incandescence. But I think that the ex* 
periments of Mr. Wedgwood on gold and earthenware 
are decisive in this particular; and, moreover, I have 
ivason to believe that tlie melting-point of antimony is 
much higher than (U)tnmonly supposed. 

"With a view of determining directly whether different 
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bodies vary in their point of incamioscence, I took a clean 
guD-barrel, niul }mviiig dosed the touch-hole, exposed the 
following substances iu it to the action of a fire : plati- 
num, ehalk, mai-li]e,tluor-spar, braHs, Hntimony, gaa^i^arlion, 
lead ; each speeiirieu was siuall: the plutiuuiu wan iu the 
form of a coil of stout wire. 

When one of these bodies was placed in the jCfun-bai^ 
I'd and the t«nii>ei-atui-e laiswl, it is clear that any differ- 
ence in their point of incandescence could be detected by 
the eye. Thus if the ignition of platinum recpiiitid a 
higher degieo than that of iron, on looking down the 
barrel the coil of wire should be dark when the barrel 
itself had begun to shine; or, if tlte platinum was incan- 
descent first, the wire should be seen before the barrel 
bad become visibly hot, and these results might be cor- 
roborat<*il by observing the inverse plle^ontenl^ when the 
bari'el was taken fmui the fire and 8uffei*ed to cool. 

In Fig. 2^a If U the gun-barrel passing through a hole, 
c, of suitable size iu the side 
of H stove. At the bottom of 
the barrel, I, the substances to 
be exaniiueil are placed. Their 
ignition is observed by looking 
in at the projecting end, a. 

With respect to platinum, 
brass, antimony, gas ■ cnrlwn, 
and lead, they all became in- 
candescent at the same time as 
the iron bairel itself. I could 
not discover the slightest dif- 
ference among them, either in heating or cooling; pud it 
is worthy of remark that the lead was, of course, in the 
liquid con<lition. But the chalk and marble were vis- 
ible before the ban-cl was red-liot, emitting a fiiint white 
light; and the fluorspar still mure strikingly so, its light 
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Tteing of a Vieaiitiful Wut;; ami even wlien tlie liarrel Iiai] 
become bright red I could still see the spar, which had 
decrepitated to a coarse powder, by its faint blue rays. 
lu the«e cjiaes, however, it was not iiicaiidesceiice, but 
phosphorescence that was taking place. I infer, then, 
that all solids, and probably melted metals, begin to 
shine at the same thernionietiic point. 

(When phosplioivscent sulintancca are to be examined, 
they must be fii-st exposed to a higli tenipL'ratui*e and 
cjirefully guarded from access of light until they are 
placed in the gun-barrel. A diamond which, among oth- 
er bodies, had been thus tried, would recover its quality 
of pLos|)horesciug by a very short access of light after il; 
had been cooled, but if that had been carefully avoided, 
it began to shine at the same time as other sj>ecinien3 
with which it was placed in the barrel.) 

The temperature of incandescence seems to be a natu- 
ral fixe»i point for the thermometer; and it la very inter- 
esting to remark liow nearly this point croinrides with 
1000" of the Fahrenheit scale when Laplace's coefficient 
for the dilatation of platiniiin is used. Upon that coef* 
ficient the point of iucandesoence is 1006^ Fahr. 

In view of these consideration;*, and recollecting that 
the number given by Daniel Is ItSll'*, and that of Wedg- 
wood 947', 1 believe that 977" is not very far from the 
true temperature at which solids begin to shine. It is 
to be undei-Htood, of course, that this is in a very dark 
I'oora. 

I pass now to the second proposition. The rays emit- 
ted by the incandescent platinum strip were n'ceived on 
a flint-ghu^s prism, placed so as to give the mininiiuii de- 
viation, and, after dispersion, viewed in a small telescope. 
A movement could be given to the telescope, which was 
read off on a graduated circle. However, instead of 
bringing the parts of the spectrum under measurement 
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to coincide with the cross wires in tlic field of tlie instni- 
raent, it was found more satisfactory to determine them 
by lii-inging them to one or other of the edges of the 
fit.lil_3 |nutfss by Avhich the extreme raya couhl be bet- 
ter ascertained, their faint light being thus raoi-e easily 
perceived in tlie darkness by which it was suiTOiinded. 
It would scarcely be possible to see them accurately 
while the rest of a briglit j^pectniui was in view. 

In Fig. 3,» h is the ignited platinum strip, r? the prism, 
d € the telescope, 
moving upon the 
centre of a gradu- 
ated circular ta> 

Wo,//. 

Aa it was ab- 





Fltf.). 



Bolutely necessa- r 
ly to have fixed j 
pointa of refer- 
ence, that all the 
observatioiiH 
might Ik; bi-ought to a common standard of comparison, 
and as there are no fixed lines in the light of incandes- 
cence such as are in the sunshine and daylight, I there- 
fore previously detenuined the j>ositii>n of the fixed lines 
in a spectrum forme<l by a ray of reflected daylight 
which passed through a fissure ^ of an inch wide, ami 
one inch long, occupying exactly the position subseipient- 
ly to be occupied by the iucandesceut platinum. In Fig. 
4, 1 represents the ix'sult.* 

(I expected to uwf the Fraunhofer lines for this pur- 
pose, and was not a little surprised to find that they are 
not Co be seen in the Ri>ectrum of ignited solid bodies. 



*Thc lettin oaed to indlcatf: the dxcd Unca tro those employed at that 
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Thus was discovered one of the fim<lanicntal facts in 
spectrum aimlysis, a fact tliat baa become of ilie bigliest 
impirtuncti in astmiidiiiy, as furuishinj^' a means f(ir fle- 
termiDiii!? the physical condition of tbu heavenly bodies, 
and a test for the uebular hypothesis. Au ignit*J solid 
will give a continuous spectrum, or one devoid of fixed 
lines; an ignitcil gas will give a discoutinuous spectrum, 
one broken up by lines or bands or spaces. 

About t^veiity years subsequently to this discovery, 
Mr, Huggins (1864) made an examination of a nebula 
in the const^^llation of Dratro. It proved to be gaseous. 
Subsequently, of sixty uebuliu examined, ninutt;en gave 
discontinuous or gaseous spectra, the remainder contiO' 
uoua oueK 

It may therefore be admitted tliat physical evidence 
has through this means been obtained demonstrating the 
existence of vast masses of matter in a gaseous condition, 
and at a t«m|>eratui-e of incandescence. The nebular hy- 
pothesis of Laplace and llci-schel has thus a firm basia.) 
The strip of platinum was now placed in the position 

of the slit whieli had 
given the spectrum re|> 
resented at 1, and its 
teniperatim; was raiscil 
by the passage of a vol- 
taic current. Though the 
metal could be distinctly 
seen by the nakeil eye 
when the temperatu re 
had ixiacbed about 1000" 
Fahr., yet the loss of light 
in passing the prism and tele.scope was so gi-eat that it 
was HMH-ssary to cany the tcmi>erature to 1310° before 
a satisfactory observation could be made. At this de- 
the sjwetrum extended from the jwsition of the fixed 
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Pig.*. 



HpcclM ot dnf llctil and of Inam^nccnt pUttuttm 
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line B in tlie red almost as fiu* iis the line F in the gi-een, 
the colora pi-esent being red, orange, and a tint which 
may he designate^l as gray. There was nothing answer- 
ing to yellow. The niys first visible through this ap- 
paratus may therefoixj be designated us red and greenis^h- 
gray ; the former comuieuciug at the line B, and the lat* 
ter continuing to V, as at 3. 

Th(! voltaie cnrrent was now increased, and the tern- 
peratui* rose to 1325". The red end of the spectrum 
remained nearly as before, but the more refrangible ex- 
tremity reached the position of the little fixed line //. 
Traces ol" yellow weie dow visible, and, with a certain 
degree of distiuctness, the i*e*l, orange, yellow, gi'een, and 
a fi'inge of blue could be seen; 4 shows the result. 

Tlie teinpertttiii*e was now carrie<l to 1440^ The red 
extremity appoartd to be advancing towards the line A; 
the blue had undergone a well-marked increase. It 
reacheil considerably bej'ond the line G, as iihowD at 5. 

On bringing the platinum to 9130% all the coIoi*s were 
present, anil exliibitcd c(insidenib]e brilliancy. Their ex- 
tent was somewhat shorter thau that of the daylight 
s|)ectrum,as seen at <i. 

Having thus by lepentcd experiments ascertainetl the 
aintinued extension of the more refrangible end as the 
temperature rose, it became neces."iftry to obtain obser- 
vations for degrees below 1210, the limit of visibility 
thi*ough tlie telesoo|ie. I ther^foit* carried the prism 
nearer to the platinum, and looking with the uuas8iste<l 
eye directly through it at the refracted image, found that 
it oould l>e distinctly set^n at a temperature as low as 
1095°. Under tliese ciifum^jtances. the tntal length 
cwuld not be coniparetl by direct tnea<«urenient with the 
other observations, and the result given at 2 is as cor- 
tvct as could be obtained. The colors wei*© red and 
greenish-gray. 
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The gray rays emifctc^l by platinum just begimiing to 
fliiiiti appuni' to be more intciise tliaii the i'e<l; at all 
ovents, the wires in the field of the telescope are more 
liistiuctly seeu upon them tlmn upon the other color. 
The (lesigiiaticn ofgmy may be giveu them, fur they ap- 
pear to appi-oiwh that tint moi-e closely th:m any other, 
ami yet it is t^i Ite iviuarked that tbey are occupying the 
jtosition of the yellow and green regions, 

Ali*eady we have encountered a fact of considerable 
importance. The conclusion that aH the temperature of 
a body rises it emits rays of inereasinj:^ refVangiliility has 
obviously to be takeu with a ceitairi restriction. Instead 
(if first the ivd, then the orange, then the yellow rays, 
etc., tu succession uiakiug their appearance, lu which cam$ 
the spectrum shouhl regularly increase in length as the 
lemperuture lises, we here tiiid that at tile very lii-st mo- 
ment it U visible to the eye it reaches from the fixed 
line B ne.irly to F, that is to say, it is equal to about two 
thirds of the whole length of the diffnictiou spectrum, 
nud almost one half of the prismatic. 

It is to be remarketl that while the more refrangible 
end undergoes a great expansion, the other extremity ex- 
hibits a cotresponding chough a less change. As very 
important theoretical conclusions depend on the j»rr>j>er 
interpretation of this fact, it must not be foi-gotten that 
to a certain extent it may l)e an optical deception, arising 
from the incit^ascd brilliancy of the light. While the 
rays are yet feeble, the extreme terminations may be so 
taint that the eye cannot detvct them, but aa the inten- 
sity rises they become better marked, and an apfiarent 
elongation of the s|)ectrum is the ooiiscfpieuce. 

It is agreed among optical writers thai to the human 
eye the yellow is the bngbtest of the rays. lu the prU- 
matic spectrum the true relationship of the colors is not 
(lerceived, because the less refrangillc are crowded to- 
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getiiep, anJ the luore i-efrangDiIe unduly spread out. But 
iu the UitVractiou Bpectiuni, where the culura ore ari'angud 
side by side iu the order of their wave-lengths, the cuiitre 
is occupied hy the most luminous |>orti«u of the yellow, 
and fiuui this point the light ileeliues iiway ou one side 
in the red, and on the other in the violet, the termiua- 
tiuns being equidist^int from the centre of the yeltuw 
space. 

Now if the rays couiing from shining pliitinuni were 
passed through a piece of gloss on which parallel lines 
had been niled with a diamond point, bo as to give a 
[iifraction spectniin, even adiiiittiiig the general i-esults 

the foregoing ex]M?riuieutH to be true, viz., that as the 
teniperalure rises rays of a highur refraugibility are 
emitted, it is obvious that it by no means follows that 
the ray first visible should be the extreme red. Our 
power of seeing that depends on its having a certain in* 
tensity. Kven when it has assumed the utmost brillian- 
cy which it has in a solar beam, it is barely visible. We 
ouglit, thei-efore, to e.xpect that rays of a higher refrangi- 
bility should be fii'st seen, because they act more ener- 
geti<»lly on our organ of vision ; and as the temperature 
rises, the spectrum should undergo a partial elongation 
in the direction of its red extremity. 

I may here remark that the general ]%suH of theses 
experiments coincides exactly with that of M. Atelloni 
respecting heat at lower thennometric points. In his 
second Memoir (Taylor's "Scientific Jlenunrs," vol. i., 
p. 50) he shows that when rays from copper at 390° and 
from incandescent jilntlnum art? compared by transmis- 
sion through a rouksalt prism, as the temperature rises 
the refraugibility of the calorific emanations corresjx>nd- 
ingly increases. Those who regard light and heat as the 
same agttnt will iheretore see in this coincidence another 
argument iu favor of their opinion. 
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In view of the foreginiig facts, I condiide that as the 
temperature of an incunde«xttt Uxltj ;vW^ *'/ eniiiH laija of 
light of an increasing refrant/iltility, ^ad that the appar- 
ent d(;partiii*e from this law, discovered by un accurate 
jiiistiiatiL- analysis, is due tu the sjiecial nctiuii uf tlie fye 
iti peifdiming the function of vision. And as the lumi- 
nous effects ai-c undoubtedly owing to a vibratory move- 
ment executed by the tnolecules of the platinum, it seems 
from the foi*egoing facts to fi>liow that tJic freiinowy of 
tftose vihrations increases w/t/i the tefttperature. 

Tn this oljservtttion I am Iwl by the piinciple that '* to 
a particular color there ever Ix'longs a particular wave- 
length, and to a particular wave-lengtli there ever be- 
longs a particular color;" but in the analysis of the speo 
trum nnide by Sir D. Brewster by the aid of absorption 
media, this ]>rinciplo is indiix*ctly contraverted, that emi- 
nent philosopher showing tbat red, yellow, blue, and con- 
sequently white light, exist in every pait of the spectrum. 
This must necessarily take place when a prism which 
has a refracting face of considerable magnitude is used ; 
fur it is obvi(H]s that a ray falling near the edge and one 
fulling near the back, after dispersion, will depict their 
several s]>ectra on the screen; the colors of the one not 
eiiinciding with, but overla]>piiig the eploi*s of the other. 
In such a i»jHH-trum there nmst undoubtedly be a general 
commixture of the rays; but may we not fairly incpiire, 
whether, if an elementary prism were used, the same facts 
M'ould hold good ; or if the anteiior face of the prism 
were covered by a screen, so as to e.\p<»se a narr<.>w fis- 
sure parallel to the axis of the instrument, wimUl there 
be found in the spectrum it gave every color in every 
part, as in Sir Daviil Brewster*s original experiment i 
M. Melloni has sliown how this very consideration com. 
plicales the phenomena of radiant heat; and it would 
seem a very plausible suggestion that the effect here 
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pointed out must occur iu nn aualogous manner for the 
phenomena of liglit. 

I next pass to the thiixi brancli of this investigation — 
to exaiuiiie the relatiuii between the temperatures ot'seif- 
luminous budies and the intensity of the light they emit, 
premising it ^ith the following considerations: 

The close analogy which lins been traced between the 
phenommia of light and ladiant heat leiid^ counteiiani-e 
to tlie supposition that the law which regulates the es- 
cape of heat fmni a body will also determine its mte of 
eraission o( light. Sir Isaac Xewtou tsu]>posed that while 
the temperature of a body rose iu an arithmetical pro- 
gression, tlie anioiiiit of heat escaping fmm it increased 
tD a geometrical piogivssiuu. The error of this was &ub> 
seqtiently shown by Martin, Krsleben, and Delaroche, 
and finally Dnloug and Petit gave the true law : " When 
a hot body cools in vacuo, surrounded by a medium the 
temperature of which is constant, the velocity of cooling 
for excess of temperature in arithmetical progression in- 
creases as the terms of a geometrical progression, diudn ■ 
isbed by a constant (quantity." The introduction of this 
constant depends on the ()i)emtiiin of the thec)ry of the 
exchanges of heat; for a body when cooling under the 
circumstances hei^) supposed is siuiuUaueously receiving 
back a constant amount of heat from the medium of eon- 
gtaut tenipei-ature. 

While Newton's law represents the rate of cooling of 
bodies, and therefore the quantities of heat they emit 
wlien the range of temperature is limited, and the law of 
Duloiig and Petit liolds to a wider extent, there are in 
(he pn*sent inquiry certain circumstances to be taken 
into account not contemplated by those phiIosophei"8. 
Duloug and Petit, throughout tlieir memoir, reganl radi- 
nnt heat as a lioniogeneous agent, and look u[ion the 
theory of exchanges, which is indeed their stniting- point 
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anJ guide, as a verj- simple affair. But tbe progress of 
this department of knowledge since their time has shown 
that precisely the same iriodificatious fourul In the colors 
of light occur also for heat; a fact cuuveuieiitly desig- 
nated by the phrase "ideal coloration of heat^" and, fur- 
ther, that the wave-length of the heat emitted dupeuds 
upon the temperature of the radiatiug aiurce. It is one 
thing to investigate tbe pheuoniena of the exchanges of 
heat-rays of the same color, and another wlien tlie colors 
are different. A complete theory of the exchanges of 
beat must include this principle, and, of course, so too 
must a hiw i>f cooling applicable to any temperature. 

There is another fact to some e:cteut considered by 
Duloiig and Petit, but not of such weight in their in- 
vestigations, whei*e the range of tempeniturts was small, 
as in these where it rises as high as nearly 3U0(J' Fahr. 
This is the difference of specific heat of the same body 
at different temperatures. At the high temperatures 
herein employed, there cannot be a doubt that the 
capacity of platinum for heat is far greater than that at 
a low jKiint. This, therefore, must affect its rate of calo- 
ri6c emission, and probably that for light also. 

Ki*om these and similar considerations we should be 
led to expoct that as tbe teni])eratura of an incandescent 
solid rises, the intensity of the light emitted iuoi'eaaes 
very rapidly. 

I pass now to the experimental proofs which substan- 
tiate tbe foregoing reaw:>ning. 

The apparatus employed as the soui'ce of the light 
and measure of the tempirature was the same as in the 
preceding espenments — a strip of ptatiinim bmiight to 
a known temj»cratnre by the passage t)f a voltaic current 
of the proper tbrce, and connected with an index which 
measured its expansion. 

The principle upon which the intensities of the light 
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were determiDed was that originnlly descrilnnl hy Bou- 
giier, and suljsetiueiitly used Iiy Masson. After many 
i!Xp(>riineiits,I fouiul that it is tbe most accurate methud 
known. 

Any one who will endeavor to deteniiine the inteiisi- 
tiea of light )*y Huuiford's method »f contrasting; &had- 
owa, or by that of eciually illuininuteil surfaces, will find, 
wht^n every pi*ceaiition luis l>ei*n usi-d. that the results 
of repeated experiments do uot aectud. There is, more- 
over, the givat defeat that when the lights difler in color, 
it is iiiipossiMe to olttain reliable results except by re- 
sorting to such cuutrivances as that described in the 
l'UUoin}phk\il Ma*^<iziney August, 18-44. 

Bouguer's pnnciple is far more exact; and where the 
lights difler in color, that ditterence actually tends to 
make the result more correct. As it is uot generally 
known, I will indicate the nature of it briefly: 

Let there be placed at a certain distance from a sheet 
of white jMijier a candle, so atTiitiged as to throw the 
shallow uf an opaque body, such ii» a rod \.ii ini^tid, oit 
the sheet. If a second candle be placed also in front of 
the paper and nearer than the foraier, there is a certain 
distance at which its light completely obliterates all 
traces of the shadow. This distance is i-eadily found, 
for the disappearance of til(^ shadow can be deterniiue<! 
with considerable exactness. When the lights are equal, 
LBouguer ascertained that the relative ttistances were as 
1 : 8, and therefore inferred correctly that in the case of 
his eye the efl'ect of a given lij^ht was imperceptible 
when it was in presence of another sixty-fonr times as 
intense. The pivcise number diff'ei-s acconling to the 
sensibility of ditt'erent eyes, but for the same oi^an it is 
constant. 

Upon a jiajwr screen I threw the shadow of a rod of 
copper, which intercepted the raye of the iDcaiidescent 
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plfttinuni ; then taking an Ai-gand lamp, surrounded by 
a cylindrical tiuitnl s1iad(% thruugli an apertui'e in ^vhiell 
tlio liglit j»nt48cd, and tlie flame of which I had found by 
]>i*eviou» trial would continue fur an hour of almost the 
siinie intt'iisity, I approaclied it to the paper sheet, until 
the shadow cast liy thi; copper distippKamd. The dis- 
tance at which thia took jdace was then nit'asurc<l, and 
the tem]>eratui'e of the phLiinum deteruiined. 

The temperature of the platiiiutn was now raised, the 
shadow became more intense, and it was necessary to 
bring the Argand lamp ni*arer lieforc it was effaced. 
When tliis took place, tlie distance of the lamp was 
again measured, and the temperature of the platinum 
again determined. 

In Fig. 5, A h is the strip of ignitrd platinum. It casts 
a 8ha<low, A. of the metal i*od € on the white screen/^; 
c is a metallic cylinder containing an Argand lamp, the 
light of %vliich issutTS through an aperture, d, and extin- 
guishes the shadow on the screen. 



Iq this manner I ohtaiufd several series of resultfl, one 
of which is given in the following table. They exhib- 
ited a tuore jieifect accordance among each other than I 
had anticipated. 

The intensity of the light of the platinum is of coarse 
inversely pTOjwrtional to the square of the distance of 
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the Argnml lamp at the moment of tbe extinction of the 
shadow. 

In this tiil>le the first cnhimn gives the tempcrntures 
under examination iu Fahrenheit degrees; the second 
and third the distances of tbe Argnnd lamp from the 
screen in Knglish im.'ht'.s, in two diftVrent sets of exjifri- 
mentH; the fourth the nit-an of tl»e two; and ttie tifth 
the con-espondiug inten«ity of the light. 

The results thus obtaine<l jiroved that the increase in 
the inten.sity of the light of the iirnitfd platinum, though 
slow at fii-st, became very rapid as the tempomture row. 
At 2590^^ the brilliancy of the light was more thau 
thirty -si.x times as great as it was at 1900^ 

Thus, tluM'cfoiv, the th<'oreti<'«l antiei]>ation founilej 
on the analogy of light and heat was complHtt^ly veri- 
fied, the emission of light by n self-luiniuons solid a^ its 
temperature rises 1>eing in greater proportion thau would 
iKirrfspund to more difreri'iice nf temperature. 

To place this in a more striking iK>tnt of view, I made 
some corre.sponding experiments in relation to the heat 
eniittetl. No one thus far had puldished results fur high 
temperatures, or had endeavored to establish through an 
extensive scale the junneiple of Uelamebe, that "the 
quantity of bent which a hot body gives otl' in a given 
time, by way of radiation to a cold body situated at a 
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distance, increases, other tilings being equal, in a pi-ogi^js- 
sion more rapid than the excess of the teniperatui'e of 
the fii-st above that of the second." 

As tlie objet't thus pntposed was mainly to illii.str«te 
tlie ieniarkal)lc analogy between liglit and beat, the ex- 
periments now to Ik) relateil were arranged so as to re> 
seiuble tlie foregoing; that is to say, aa in deteniiinitig 
the intensitii's of light (emitted by a shining body at 
difteit?nt tmiijuTatures, I liad recrivwl the rays upon a 
screen placed at an invariable distance, and then deter- 
minet] their value by photometnc raethotls, so iu this 
case I M'ceived the rays of heat uihhi a scri-en placed at 
au invariable distance, and nii.'a.siii'ed their intensity by 
therruoraetric methods. In this instance the screen em- 
ployetl Wiis, in fact, the blackened surface of a thermo- 
electric pile. It was arranged at a distance of about one 
inch frtmi the stnp of ignited platinum, a distance suffi- 
cient to keep it from any disturliauce from the stream 
of hot air arising fix>m the metal ; care was al^o taken 
that the nniUii)lier itself was placed so far from the rest 
of the u])paralus that its astatic ntH'dlus eonld not be af- 
fected by the voltaic current igniting the platinum, or 
the electromagnetic action of the wires or rheostat used 
to modify the degree^s of hwit. 

In Fig. C, a I is the ignited platinum strip, c the ther- 
mo-electric pile, d d the multiplier. 

The ex|»«rimcnt8 were conducted as follows: The 
needles of the themio- multiplier standing at the zei*o 
of their scale, i\w. voltnic current was passed through 
the platinum, which immediately rose to the cori-espond- 
ing temperature, and radiated its heat to the face of the 
pile. The instant this cun-ent passtid, the needles of the 
multiplier moved, and kept steadily advancing ou the 
scale. At the close of one minute the deviation of the 
needle and the temperature of the platinum were si- 
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multaneously Dote J, 
and then the \'oltai(' 
current wa-s stoppi'd. <■ 

Sufficient time was 
now given for the 
needles of the muliijilier to cnniu hack to zero. Tliis 
time variwl in the tlifft^reiit cases, according to the in- 
tensity ot* the heat to which the pile had bceu exposed; 
in no instance, however, did it exceed b\x minutes, and 
in most cases was much less. A little oonsitleration will 
show that the usual artifice employed to drive the lu^dles 
hack to zero hy warming tlio opposite lace of the pile was 
not admissible in these experiments. 

The needles having regained their zero, the platinum 
was broui:;lit ai^iviii to a [;iven temiieratiiiv, and the ex- 
I)erimeiit conducted as before. The following table ex* 
hibits a series of tliese results. 

In this table tlin first column gives the temperatures 
of the platinum in Kahivnlieit degrees; the sectmd and 
third, two sei-ies of experiments expressing the arc passed 
over by the needle at the close of a radiation lasting one 
minute, each number being the mean of several suc- 
cessive trials, anil the fourtli tlie mean of the two. It 
therefore gives the radiant effect of the incandescent 
platinum on the thevmomultiplier for the diifureut tem- 
perature*. 

Of course it is understood that I here take the angu- 
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TxN€ t,/ th« Intmaiiy */ Rnfiianl Rtat emitttd by Platinum at ZHf- 

ferenl Temperatures. 



ufUie platinum. 


Inicinltj of bvnt emtllnl. 


Mciiii. 


Bi|wtli»ou( 1. 


txiicrlniciit II. 


9IM» 


-la 


1.00 


.87 


iiiD& 


1.00 


l.SO 


1. 10 


\-2lO 


1.40 


1.60 


i.r.o 


laiA 


I.«0 


9.00 


l.«0 


I4iU 


2,20 


2.20 


2.20 


) ri.'i6 


S.?.*! 


2.H.^ 


2.«0 


KtTO 


S.fi.'. 


3.7.5 


3.70 


nan 


5.00 


5.00 


,i,0<) 


llttXI 


fi.70 


c.!«n 


G.hl) 


SUI3 


a«o 


8. no 


(i.firt 


si:io 


lO.OO 


10.00 


1 <).<»> 


r.'i.'i 


12.M 


IS.M) 


iL'.iVI 


suai 


t:.,r.n 


la.M 


1. '•.'•<) 



lar deviations of the needle as expressing the force of 
tbe themnvclwtric curifiit, or, in (itlicr words, n-s being 
proportiniial to tlm teniperatui-es. This hyjKitliesis, it is 
known, is adniissitile. 

It therefore appears tliat if tlie tjiiantity of heat radi- 
atwl liy jilatintitii at 9S<1** !)e takt-ii as unity, it will have 
increased at 1440° to 2.5, at 1900" to 7.S, and at 2360** 
to 17.8, nearly. The rate of increase is, therefore, very 
rapid. Further, it may l>e remarked, a.'^ illustrative of 
the same tact, that the quantity of heat radiated by a 
mass of platinum in passina; fi-om 1000'* to 1300° is near- 
ly equal tn the amount it give« out in pas^ug fmm com- 
mon tempemtiires up to 1000°. 

I r'annot here express myself with too much emphasis 
on the remarkable analogy lietween light and heat which 
these experiments reveal. The march of the phenomena 
in all their ii^ading points i.i the same in both case& The 
rajtid increase of effect as the temperature nses is com- 
mon to I)otb. 

It is not to be forgotten, however, that in the case of 
light we necessaiily mea-suit* its effects by an apparatus 
which possesses special peculiarities. The eye is insea- 
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sible to rays not coiiipreliended witliin certain limits of 
lefi-aagibility. lu tbese experiments it is requisite to 
raise the temperature of the platinum almost to 1000" 
before we can tliscovcr tlic firwt tnices of light. Meas- 
ures obtaitivil under such clrcunmtauces are dejiendent 
on the physiological action of the visual oi-gan itself, and 
hence their analogy with those olitaiued by the thermmu- 
eter l>ecome3 more striking, because wt should scai*cely 
have anticipated that it could be so complete. 

Among writers on Optics it has been a desitleratiim to 
obtain an artificial liglit of standard brilliancy. The 
preceding experiments furni:*h an eiLsy moans of supply* 
ing that want, and give us what might be tenned a " unit 
lamp." A surface of platinum of standai-d dimensions, 
rais4Hl to a standard tf[ii]>erature by a voltaic current, 
will always emit n constant light. A ntrip of that metal, 
one inch long and ^^ of an inch wide, wnnected with a 
lever by which its exjmnsion might be mensuivil, would 
yield at 201)0' a light suitable ftir most purposes. More- 
over, it would be very easy to foiTu from it a photome- 
ter by screening portions of the shining surface. An in- 
genious aitist would have very little difficulty, by taking 
advantage of the movements of the lever, in making a 
selfactiiig apparatus in which the platinum should lie 
maintained at a uniform temperature, notwithstanding 
any change taking place in the voltaic current. 

UifiTKUMTT i*r Ksw Yo8«, /*«*•. 27, 184T. 



Note. — The e,vi>eriments related in the foregning pages 
wei-e made by me between 1844 and 1847. They wei-e 
published in Jlay in the latter year. 

In the following July, M. Melloni, who was at that 
time recognized as the chief authority ou the subject of 
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radiant heat, ivad before tlie Royal Academy of Sciences 
at Nftplei? ft inetiioii* entitled " Uesearches on the Kadi* 
atioiis iif Ineaiulesci'iit Bodies and on the Elementary 
Coloi*s of the Solar Spectrum." This win translated into 
French fi-om the Italian, and published in the Bihlio- 
theque C'niverseiU of Geneva. It was also translated iuto 
English, and publiehed both in England and Anjerictu 

XL Mclloni commences his memoir as fol]i>ws : •' Among 
the more ]*eoeiit scientific publications will be found a 
memoir by the American jirofessor J.W. Draper 'On the 
Production of Light by Heat/ which appears to me to 
merit tiie attentive consideration <jf those wlio interest 
themselves in the pi\)f;r(*ss of the natural tsciences. The 
author treats in. a very ingenious manner some questions 
allied l» my own researches on light and radiant heat. 
In reading this interesting work, several ideas have pre* 
sented themselves to me, which I have submitted to the 
test of experiment. I believe that an analysis of the 
memoir of M. Draper, accompanied with a brief aceouut 
of what I have dune, will not be without interest. 

"Every one knows that heat, when it aeeumulatcs in 
bodies, at last I'euders them incandescent, that is to say, 
more or less luminous and visible in tlie dark. Is the 
temperatui-H necessary to produce this state of ineandes- 
cencis always the same, or docs it raiy with the nature 
of the body ? In either case, what is its degree, and what 
is the succession of coloi-ed lights emitted by a given sub- 
stance when brought to temperatures more and more ele- 
vated? Finally, what is the relation that subsists at 
different periods of incandettcence between the tempera- 
ture and the quantity of light and of heat emitted by a 
bodyr 

Melloni then describes the ap]>aratn9 and the processes 
I had used to determine the therraometric degree of in- 
candescence and its uniformity fur different substances. 
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He dwells on the fact that mt-lted metals, such as leatl, 
Lave tbti same {Hiiiit of ignitiuii. He ai^rees io excepting 
the phencmioiia of phosplioreseence, anJ those in which 
light is tlL-^vvloped in chemical combinations. He re- 
luai'ks that *' some philosophei's of the highest eminence, 
among them M. Biot, supjicKie that the first light disen- 
gaged by ineamiesoi'iit bodies ia blue, and they have ac- 
counted for tliis nn tlio principle i>f a theory nuw univer- 
sally abandontfd. But thf Ae cased," he adds, " ought to 
l>e carefully distinguished from incandescence properly 
speakiniTi which arises dii-ectly and solely from an eleva* 
tion of temperature irt the buJy, and which always com* 
menees with a i*eU light. 

" As to the exact degree of this temperature, the ob- 
jections «hich might be raised against the mode em- 
jiloyed by M. Draper are of very little importance. If 
we compare the results at which be arrives with those 
that have been obtained by Wedgwood and Uanicil, the 
dilTerenee is only 30" in exc*'ss in the first case, and 3" too 
'little in the siHxjuil. The diflereiicea are nuich greater 
when compared with the deductions of Davy and Sir L 
Newton, which gave 812* and 635°, i-espectively. But 
thi>s(' numbei's, and especially the latter, were obtained 
}*y methods too imperfect to be trustworthy. Conse- 
quently the number 977* Falir., given by M, Draper, 
must approach very closely the degree of beat which 
pi-oduces the first incandescence of bodies," 

Melloni theu describes the metliwl i had resurtetl to 
for inventigating the nuture of the colurs which are de- 
veloped by an ignited body as its temperature is in- 
creattetl. 

He dwells on the employment of a reference spectrum, 
which was resorted to in consequence of the spectrum of 
a solid having no fixed lines — a discovery which baa 
become of the utmost value in astronomical spectrum 
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analysis. He states tlie rtsulta given in the faivgoiug 
j)m;es, and adils: "Ih other words, the spectnim of the 
strip of pliuiiium which corixisiMinds to the ifwl extremity 
of the }irismatic sj>ectruiu is at first very short, and con- 
tains only the less refrangible colors; hut as the tempera- 
ture rises, the spectrum of incande-sceiice extends towards 
the violet extremity, olitaining the more refi-angible tints, 
and at last acLjuiring all the colore and all the extent of 
the &ilar spectrum, except the terminal rays at the two 
extremities, which escape the observer evidently on ac- 
count of their extreme feohleness. The same cause (in- 
sensibility «lue to a want of luminous eiu'T;y;y) makes the 
first spectrum ap|)€ar at the red end a little shorter than 
the last, because the less refrangible rays of that color 
are, as i.s well known, so feeble even in tlie solar sj>ec- 
trum that we are unable to perceive them, unless they 
are isolated in a place that is totally dark. Much more, 
therefore, ought they to i-emain invisible to the observer 
when the spectnim arises from luminous agencies so little 
enei^tetic as are those of the tirst jteriods of iticandescence. 

"To a perfectly seusitive eye the variations of length 
would evidently have taken place in the direction of the 
more refrangible rays only, and all the sjiecli-a would 
have commenced at the extreme limit of the red rays. 

"It results &om all these observations that wfaeu the 
incandesciince of a liody becomes more and more vivid 
and brilliant by the elevation of its temperature, there ia 
not only an augmentation in the intensity of the i*esult- 
ing light, but also in the variety of elementary colora 
which compose it; there is, too, an addition of rays so 
much the more refrangible as the tempcmluif of the in- 
candescent body is higher. In this there is, therefoi*e, 
established an Intimate analogy between the jn'ogresaive 
development of light and that of heat. Indeed,'* M. Mol- 
loni addtf, "as soon as I had convinced myself of the 
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iiuineOiatft transmission of every variety of rail i ant lieat 
through rock-salt, I availed myself of that valuable prop- 
erty to stiuly the refraction of heat from various sources, 
and T iliscovcn^l that radiations cnniini; from those of 
a high temperature contain elements more refrangii)le 
than those which ai*e derived from sources that are not 

hot" 

>L Melloni then passes to a criticism of the raetho<ls I 
bad used in iuvesti^atiny the law of the iucrease of the 
luminous and calorific radiations, according as the tern* 
pei-ature of the soui^w of heat is elevated. 

He addsi: "The method invented l>y Bougiierto deter- 
mine the relative intensities of different luminous sources, 
and employed by Dra)>ei' to measure the quantities of 
light eniitteil l>y a stiij) of platinum broui^ht to diflerenfc 
degrees of incandesceiu;e, is the only one by whieli we 
could hope for a successful result. The method of the 
equality of shadows, well known under the name of 
Rumfurd's metliod, would have furnished in the research- 
es of the learneil American unoertaiu data, on account of 
tlio dirticulty of establishing an exact comparison between 
the accidental green tint intmdueed into the shadow en- 
lightened by the yellow rays of the lamp and the red 
light emitted by the ignited metal. As to the measures 
*if the radiant heat, they were detemiined by tlie aid of 
the th< rmonndtiplicr, that admirable instrument which 
has revealed to science so many new properties of calo- 
rific radiations, and which still is rendering eminent 
services iu the hands of able chemists far beyond the 
Alps. 

*'The numbei*s obtained by >L Draper show evidently 
that the aut'mentations of both li'^ht and heat, th(uii;h 
feeVde at first, become very rapid at last, from which it 
results that the radiations both of light and he^t follow 
in the proyremou of qunntittf the same analogy that we 

ji 
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have just observed in the jn'O^re^ton of qualiitf. These 
ruinearches then conduct, as do others heretofore known 
on lij^ht and radiant heat, to a pertVi't analogy bftweeii 
fhi* general laws which govern theeie two gi-eat agt;uts ol" 
natiiiv." 



Thu law of the radiatiou of heat, as illustrated by tbe 
fore-^oing expenineuts \\\i\\ au ignited strip of platiuuiu, 
has lyeen apiilit.-d in ircent discussions resiteciiug the agu 
of the rartli. (leological cvidunco liaa satisfactorily es- 
tablished tliat the teniiieiratinv of tli« wirth was formerly 
much higher than now, and the decliuu tlial has ha|>- 
pL'iied could only have taken place by radiation into 
8j>ace. Considering how slow the cooling now is — ft 
scarcely jierceptible fraction of a dugix-c in the course of 
many centuries — it would seem that to accomftliKli the 
whole descent, if even we go no further back than the 
paleozoic era, an amazing lapse of time would be re- 
quired. And if wo accejjt the nebular liypothesis, Rince 
the original tempeiature must have been at leaet that of 
the surface of the sun, the time must be correspondingly 
extended. Even if nutniieiM ijonld be given, the imagina- 
tion would altogether fail to api>reciate them. 

But we have hei-o experimental proof that the higher 
the teni[)eruture of a body, the more rapidly it cools. A 
descent tlii-ough a given numlier of degrees is more quick- 
ly ma<1e when a body is at a high tlian when it is at a 
low temperature. Anciently the cmiling of the earth 
was more rapiil than it 18 now. Not that tliere was any 
cliniige or !>ri*aeh in the general law under which the o\> 
eration wiis taking place, ior the iiume mutheniutical ex- 
pression ap])lies to alt temperatures, no matter how Iiigh 
or how low they may be. Mr. Croll, in his recent re- 
searches on the distrilfutioii of heat over the glolje, points 
out the bearing of these experiments. 
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Our estitiiate of tbe nge of the earth, as <le*lucej from 
the cooling she has uuJergone, must therefore, iu view 
of the&e eoiif^uleratiotijj, l>e dimiiii^heU — a result iusisted 
tipou l>y inaiiy re<;ent authors. Too much weight nnist, 
liovvevfr, not be giveu to this euncliisiuii, since it owght 
to 1)0 boiTie in mind that the cooling was not taking 
place by radiation into 8]>acw fmni the earth alone as n 
:Bolitary boil^. She was iu presence of a higli exlrane- 
}UB teinpcrnture, which diniinisheiJ her speed of cooling, 
and correspondingly increased the time. 

Though the problem of the nge of the earth, as inves- 
tigated through the changes of her temperature, may not 
at present be capablt; of t!\aet solution, it must be ad- 
mitted that the time retjuired to bring her heat to its 
present degi^ee must have been inconceivably long. 
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MEMOIR IT. 

SPECTRUM ANALYSIS OP FtAM£$. PRODUCTION OF LIGHT 
BY CHEMICAL ACTION. 

From ihe AmeriMn JgumtJ of Scionc*, S«coni] Soriws, Vo3. V., 18*8; PliilwwipWeil 
M"|{H«inD, l^iiiUoii Knd ICditilitirgli, Feb., 184tl; Harper't N«w Muiulilv ilMfff^ 
zUiv, Nci. S'iU. 

CoiTTBirra: — Sftoclrum analytit of a eawtle jUiine^ — Rxamtnation of 
varioHg other jitttitft. — Spectrum awtliftit of Ote li^ht uf a burniuff 
$aii<l. — Ftamta mntitt of a tuetegtion of ahelh. — Sptetrum of r!fltnt>- 
fftn.— Combustion ofjtamra i» axygefi. — Efftet of air in the interior 
of a fiaine, — T%f. hiotejnpf tone, — Qtneral reault, the more mertKlic 
the ehemicat action the h>pher the refrangibility of the resufttH^ '•,<?*'; 
ihe vihratiima intrttiae in frrqueaeif cm the ehemicai aetion ia more 
violent. — FruUHhufer's fixed lines. 

The production of liglit nntl heat by the combustion 
of various bodies is, of all cliemical processes, that which 
ministers nu>st to the conifiirt and well-being of man. 
By it the rigor of winter is abated, and night made 
almost as available fur our purposes as day. 

One would sup])0se tluit, of a phenomenon on wiiich 
so nineli of our [ien*oTi(il and s()eial hnj)jiiuess depends, 
and wliieh imist have btn;n witnessed by every one, all 
the particulars ought to have been long ago known. 
Among scientilic men its importance has been universal- 
ly i-ecognized. The earlier theories of clieraistry, such as 
those of Stahl and Ijivoisier, are esHetitially theories of 
combustion. 

It is nevertheless remarkable how little positive 
knowledge, \intil quite reeetitly, was possesseil on this 
subject Some cben)ists thought that the light emitted 
l^y flames is due to electric discharges; othei*s, i-egarding 
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liglit and he^t as material boijies which can l>e incor- 
porated or united with ponderable substances^ supposed 
that they ai-e disengaged as cliemical changes go on, lu 
this oonttision of opinions a multitude of interesting and 
hitherto unanswered questions jiivsent theuiselvei It 
is known tlmt different substances, when burning, emit 
rays of different colors. Thus stilphur and eai-bonic 
oxide }nirn blue, wax yrllnw, and cyanogen lilac. What 
are the chemical conditions thatdetcrmiuL- these singular 
differences? How is it that, by changing the conditions 
of combustion, we can vary the nature of the light! 
\S'e turn aside the flame of a candle by means of a 
blow. pipe, niul a neat blue cone appeal's. Why does it 
shine with a blue lights 

Such inquiries might be multiplied without end; but 
a little con si lie rat Ion shows that their various answei-s 
depend on the determination of a much more general 
problem, viz., Can any connection be traced between the 
chemical natui-e of a substance, or the conditions under 
which it burns, and the nature of tlie light it emits? It 
is to the discussion of that pioblem that this memou* is 
devoted. 

Sir II. Davy has ali*eady furnished us with two im* 
portant fa<rts in relation to the nature of flame: 1st, All 
comimm flames are incandescent shells, the interior of 
which is dark ; 3d, the relative quantity of light emitteil 
depends upon the temporary disengagement of solid par- 
ticles of earbon. 

It is only by a very general examination of the light 
arising from various solids, vapors, and gases, when 
burning, tliat we can expect to obtain daUi for a true 
thetu-y of combustion. This i.s what I shall endeavor 
to furnish on the present octaaion. 

As was foreseen by all the older chemists, the true 
theory of combustion, whatever it may prove to b«, 
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must necessarily he one of the fundamental theories of 
chemistry. It must include the nature of all chemical 
chanj*e« whatsoever. The subject is therefore not alone 
interesting in a popular sense, but of gi-cat importance 
in its sctentilic couaectiuns. 



I. Pruimatic analy^s of the fames of various vapors 
and ffofies; jn-ovin^ that tfiey yield all the colors of the 

I commenceil this investigation of the nature of flame 
and of combustion generally by an optical examination 
of various bodies in the act of buraing. Some authora 
have asserte^l that certain flames yield monoehruniatic 
light. It i« necv!*sary to verify this assertion, if true, or 
set it aside if false. 

The instrumental arrangement I resorted to for the 
(letenninuliim of the structure of a flame may be thus 
described : The rays of the flame of which the examina' 
tion was to be made passed through a horizontal slit, 
one thirtieth of an incli wide and one inch long, in a 
metallic screen placed near to the flame, and were re- 
ceived at a distance of six or eight feet ou a flint-glass 
prism, the axis of which was parallel to the slit. After 
]>aasing the prisnt, they entered a telescope, which had a 
divided micrometer and parallel wires in its eye-piece. 
Through this telescope the resulting spectrum was 
viewed. In this form of spectroscope no colliiuating 
lens was usetl. 

In Fig. 7, a is the candle, or flame which is to be ex- 
amined, b the screen with a horizontal slit. <• the prism, 
d d the telescope. 

If it l>e the flame of a lamp of any kind that is to be 
e.xamined, by using a movable stand we are able to raise 
or lower it, and thus analyze different horizontal elemenia 
in its lower, its middle, or its upper {>arts ut pleasure. 
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K. in^teati of a Iioinzontal, we wish to examine a vertical 
eftuient of the flame, the slit btkI tlie ]nhm must, of 
course, l>e set vertically. The former mode possesses 
gi-eafc ndv-nntages, ns will l>e presently pointeil out. It 
is to be uuilerstood in all cases that the eye-piece of the 
telescope is adjusted to give a sharp image of the slit, 
and the prism is at its angle of miiiimuni deviation. 

Ry this arrangement I have e.\atnined a great num^ier 
of diffejent flames, as tliose of oil, alcohol, solutions of 
)»oraeic acid uml nitrate of t^trantiau in alcohol, i>hus- 
plmruR, siil[)liur, carliouic oxide, hydrogen, cyanogen, 
arseniuretted hydrogen, etc. Among these, it will be 
noticed that difl'erent colors occur. Oil gives a yellow 
flame, aleoliol n paJe blue, Imrjieic acid green, sti-otitian 
r«l, phosphorus yellowish* white, sulphur and carhttnie 
oxide blue, hydrogen pule yellow, cyanogen lilac, arseiii* 
uretted hydrogen white, etc. 

Jvoiwithstaiiding this diversity of color, all theae 
flames, aa well as many othere I have tried, yield the 
tsame result: every prismatic «dor is found in them. 
Even in those cases whore the flame is very faint, as in 
alcohol and hyditjgen gan, not oidy may re<l, yellow, 
green, lilne, and violet light he traced, but even bright 
Fraunhofeiian lines of diffeivnt coloi-s. 



50 



BPFXTKLM ANALYSIS OF FI-AUEa [Mnaoin U. 



TIlis observHtion holds gooti for those 6ames reputed 
to be moDocfaronmtic; for example, nkiihnl burued froui 
a H'iclc imbuL'd with common salt. It is not only n 
yellow light whith is evolved ; the other colors plaiuly^ 
thoiiifli more faintly, appear. 

All flames, no matter what their siK^ial colors maj' 
be, evolve all the prismatic rays. Their special tints 
arise fironi the pi'e|M)nderaiice ot" one einsa of rays over 
anotlier; tluis in cyanogen the revl p)wIuiuinateS| and 
iu sulphur the blue. 

(I>at«r experiments have proved that the specti'um 
thus containing all the ]trismatic colors, and acting us a 
background to the bright fixed line^, is not due, except 
indii-ectly, to the flame under cxauiinatioii, but to other 
causes, not here taken into account, especially the acci* 
dental presence of daylight, combustion of dust in the 
air, etc. The statements here given are, however, iu 
aceoiilance with observations actually nuide. These nre 
the etTeets that will be seen tn a partially illuminated 
room such as the lalioratory in ^vhich these expei-iments 
were made. In a dark, room the spectrum background 
di^ppears.) 

The pi*oduction of light in the case of flames is thus 
proved to be a vt-ry complex phenomenon. The chem- 
ical conditions under which the burning takes place are 
likewise very coni]»lex. The combustible va|>or is sur- 
rounded on all sides by atmospheric air; diflusion oc- 
curs, and rapid cuiT^nts am established by the high 
tehijterature. Snch tirenmstauees coinjtlicjitc the result; 
and it is only by observing the biu*ning of an elementary 
solid, in which raost of these disturbances are cut off, 
that we eau hope to effect a proper resolution of the 
j)i'obleni. 



II. Pri^iatw analym nf the Ught of an tkmentary 



Mkmqik II.] SPECTKUM ANALYSIS OP FLAME-X 



57 



*'aolid hurning at dij^erenl temperaiures ,' prwwff that as 
the iemperafure risen Cfte more reftanffihU rays aj)pear. 

I took from the Giii a piece of Ijuiniiig ntithracite coal 
— the fuel onliunrily used iu Jouiestic ecoiioiiiy iu New 
York— ami whit-li fmni its ctmipaotiies^, tlm intense Lent 
it evolves, and other propeitieR, ajJiieai-s to be well fitted 
for these iavestigalions. This coal was placed ou a 
8Up[»ort so as to present a plane siirfiict! to the slit iu 
the uietnl screen. The rays cuiuing from it and jmssing 
the slit were received on the flint-glass prism, and viewed 
througli the telescope. 

When tim coal was fii'st tjiken fi-om the fire, and was 
burning very intensely, on looking through the telescope 
flll the eohired rays of the spectruni were seen iu their 
proper oitler. I had previously parsed through the slit 
a l>eam of sunlight reflected from a miiTor, so as to have 
a reference spectruni witli fixed linen. Now when the 
coal was burning at its utniOft<t vigoi-, the bpectrum it 
gave did not seem to differ, either as respects length or 
the distribution of its colore, from the spectrum of sun- 
light; but as the combustion dcclintMl and tlie coal 
burued less brightly, its spectrum became less and less, 
the shortening taking place first at the more refrangible 
extitJinity, one ray after another disa|)pearing in due 
succession. Fii'st the violet l>ecame extinct, then the 
indigo, then the blue, then the green, until at last the 
red, with an ash-gray light occujiying the place of the 
yellow, w'as alone visible, and presently this also weut 
out. 

From numerous experiments of this kind, I conclude 
thiit there is a connection b^iiceen (he refranyihility of the 
light which a huniinif body yields and the intensity of the 
chtmical actitm tjMuy on, and that the rt-franytl/fliJy al- 
ways increases as the chemical action increases. It might, 
perhaps, be oVijected that, in the form of exjieriment here 
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introtluced, two totally ilifferent tilings are confounded, 
and that the binning coal not only gives foith its rays 
as a cfinihiistihle hotly, strictly speaking, Imt also as an 
incanUescunt ninsH. 

To AvoiO this objection as far as possible, and also to 
reach a much higher ttmipcraturc than ccnild Imve been 
utlu-rwisc obtained, I threw h Htreani of oxygen gaa on 
that part of the anthracite which was op]x>site the stit; 
hut my expectations were disappointed, for, instead of 
the combiiHtion being increased, the cual was actually 
extinguished by the jet playing on it. I therefore i^ 
placed the anthracite with a tiut piece of well-burned 
ehai"eoal, kindled at the portion opposite tlie slit, and 
throwing a stream of oxygen on this part, the combus- 
tion was gi-eatly increased. A spectrum rivalling that 
of the suubeatn in brilliancy was prmluci^d, all the col- 
ors from the extreme red to the extreme violet being 
present 

On shutting off the supply of oxygen, the couibuslion, 
of course, declined, and while this was going on the vio- 
h^t. the itidigo, the blue, the green, etc, faded away in 
succession. ISy merely turning the gas on or off, the 
original colors rouhl he re-established or made to decline; 
It wa-s very interesting to see with what regularity, as 
the chemical action Itecame more intense, the more re- 
frangible colors were developed, and how, as it declined, 
tliey dii^appeared in due succession; the final tint being 
red and that ash-gray in the position of the yellow which 
has been described in the preceding memoir. 

In the form of expei-iment here made the combusiiou 
is, of course, merely superficial ; an<l the rays come from 
the charcoal not as an incauilesceut, but as a. burning 
botly. 



m. Of the consh'tutfon of fiames; proving that th^ 
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conm'^ of a series of concentric and differently colored 
shells. 

I recfiril the foregoing experiments as nffnrtling tlio 
means of e:xpl:iiiation of tlie much more complicAted 
plieiionienft of flames, niid pi*«>cee(l to intjiiire whether 
the pnneiple I have just liroiiglit foivvaixl of tlie co-or- 
dinate increase of refiangibility and of cbemical action 
will hold good ; premising tlie experiiueuts now to be 
detailed witli the following oonsiderations. 

All common flames, as is well known, consist of a thin 
aliell tif ignited mntter, the interior V)eing <lark, the eom- 
huiition taking efiVct on tliose points only which are in 
contact with the air. From the ciTciimstances under 
which the air is iisunlly supplied, this ignited shell can* 
not be a mere nuithernaticHl superficies, but must have a 
sensible thickness. If we imagine it to consist of a series 
of coue-Hke strata, it is oljvious that the phenomena of 
cfMubustion ai-e diffeient in each. The obiter stratum is 
in contact with the air, and there the combnsti<in is most 
peifect; but by reason of the rapid diffusion of gases 
into one another, cun-ents, and other such causes, the at- 
mospheric air must news-sarily pervade the burning shell 
to a certain <Ie]ith, and in tlie successive strata, as we ad- 
vance inward, tlie activity of the burning must decline. 
On the exterior stratum oxygen is in excess, at the in- 
terior the combustible vapor, and between these limits 
there must be an admi.\ture of the two, which differs 
at ditt'erent depths. Admitting the results of the foi-e- 
going experiments with anthracite coal and charcoal to 
be true, viz., that as the combustion ia more active, mys 
of a higher {h^giVK* of R'frangibility are evolved, it fol- 
lows tliat each point of the svperjivi^s of «iteh a flame 
mnnt yield (til the cot&rs of the »pectnim^ the violet coming 
from the outer strata, the yellow from the intermediate, 
tlie red from those within. If we couhl isolate an ele- 
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mentary liorizontjil section of such a flame, it would ex- 
hibit tlie appearauce of a rainbow ring, aud when those 
coin|>i)Uiid lays are receivc-d on the face of a prism, the 
constituent c(<I<u-s are parted out by ivason of their dif 
ffrent ivfi'angibility, aud the eye is thus made sensible 
of their actual existence. 

When thus l)y the aid of n prism we analyze, the light 
coming from any portion of tbe superficies of a flame, we 
in effect dissect out in a convenient manner and arrange 
together side by side rays that have ctmie fi-oni different 
strata of the burning shell. These, without the prlsiu, 
would have pursued the same normal path, and piti- 
duced a cttnunixed effect as white light on the eye, but 
with it ai*e 9ei>arated ti-ansvei'sely, aud each becomes 
perceptible. 

It is immaterial whether we impute the liglit emitted 
by an ordioaiy flame to tlie liberation of solid paiiicles 
of carbon in an ignited condition, and becoming hotter 
and hotter as they jiass outwai-dly towards the surface, 
or consider these particles to be in a state of combus* 
tion. Tbe expeiinients of an ignited wire in one case, 
and of chaKoal in presence of oxygen in the othei', lead 
to the same explanation. We are not to sujjpose that 
it is simply a gas whieli is burning; we are e.xamining 
the light emitte<l by an incandescent solid — the carbon 
particles that for the moment are set free. 

(This explanation, that the luminosity of a flame is 
due to the tem]>orary e.Ytrication of solid cjirbon, was 
given by Sir II. Davy. It has been called in question 
by Frankland. Experiments and criticisms have eioco 
been offered by Deville, Knap]>, Stein, Blocfcmann, aud 
othei-s, but Davy's theory still remains substaniially un- 
affected. Ttiis is the conchisinn to which lleumann has 
come in his i-eceutly published I'csearcbes ou luminous 
flames (187ti).) 
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It miglit bo siipjiasetl tlint in tbe faniiliarinstnnco of 
an oil liunp, if wo put any clieclt on tlie supply <>f tlie 
air, ami tbereby deck tlie intensity of the cvnibustiou, 
we ought to pi'oiliice a flame emitting rays of light the 
rHfrttiigiliility of which becomes less tiiul less, ami which, 
from their being originally white, should pass through 
various shades of orange, and end iu a dull i-etl. But 
t)ie compound nature of the burning vapor interferes 
with that R'sult; for when a eerlaiu jioint is gained the 
hydix>gen, fur the most i>ai't, alone buruji, the carbon be- 
injj^ set free as smoke, and !<ucli a flame cannot sup|H)rt 
itself in strict accordance with the principle given. 

We must, then, Heaivh for other conditions under which 
carbon is found which are free from this diflicuUy. Two 
at once jiresenfc themselves: tliey are carbonic oxide 
and cyanogen gas. In the former the carbon is already 
united with half tbe oxygen retjuiied for maximum ox- 
idation : it« complete combu**tiou can therefore be carried 
on with a limited sup]tly of atmospheric air; in the lat- 
ter the carlwn is united with nitrogen, which during the 
ciJinbuation is set free, and interferes witli tiic process by 
cutting off the nioi-e complete access of the atmnaplicre. 

In place of the burning coal of the former experiments 
I substituted a jet- pipe through which the various gjLses 
might be made to pass, and the rays emitteil by tlieir 
flames enter the telescope after pasMing thttmgh tlie slit 
and prism. In this arrangement tlie slit should be hori- 
ssoiital and not vertical. So far from it being immaterial 
which of the two positions is selected, ver)' great advan- 
tages arise from the former. If the slit be vertical, the 
prism, it is true, will separate the constituent colors from 
*me another, but it fails to show their relative positions. 
If it bo horizontal, tbe relative positions of the different 
colors can be demonstrated, and it can be proved that a 
horizontal section of a flame is in reality, as has been al- 
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ready remarked, a colored nng, the red Iwing the inner- 
iiHK>t culur, ai]d the violet outBide; fur if this be tho 
LH*der iu which the oiloi-s occur, the red i-iug must neces- 
sarily have a less dianieter thau the green, and the green 
leas tban the violet; aud when the prism, set in a horl- 
zuutnl position, separates those colors from each other, 
the j*i(le;* of the resulting si)ectruni ought not to be par- 
allel, but inc'tiufd tn (Die anot-her, the breadth being least 
in the red aud increasing towards the violet end. This 
increasing breadth proves that the constituent colored 
shells of the Hame envelop each other, the violet being 
outermost, and therefure broadest. This valuable iudi> 
cation would be wholly lost if the slit w^cre veiticaL 

This being understuoil, I may illustrate the facts now 
to l)e brought tbrwai-d by an examjile of the prismatic 
analysis of a hui-izontal element of the flame of a sjiirit- 
lamp ; it being understood that the ptism is at its angle 
of minimum deviation, and the spectrum seen through 
the telescope. All the prismatic colors, in their j>roj»er 
order, are visible; the sides of the sjiectrum not being par- 
allel, the inclination being quite rapid towards the red 
extremity, the rays of which come from the interior of 
the flame, w here the diameter is less. Mere inspection is 
suflicient to show the rapid approach of the i-eti sides to 
each other, aud I satisfied myself that even in the more 
refrangible r^ions there is the same want of |>aralleli$m, 
by rotating the telescope on its vertical axis so that the 
vertical wires in its eye-piece might coincide with first 
one and then the other side of the spectrum. It will be 
undei-atood that I to<ik the jiroper precaution not to be 
deceived by a jmrtial want of achiouiaticity in the tele- 
scope, which might have led to a mistake. 

But further, the yellow space of such a spirit -flame 
spectrum is crossed by a bright fixed line — Brewster's 
monochromatic ray. It is a beautiful example of the 
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jiriia-iiiles just- pointed out iu this method of horizontal 
analytiis, being of much greater width thau the J-est of 
the spectrum, and ix'calUng to the imnginatioii the ap- 
pfaraiioj of t^iiturii'a ring when nearly closyfl and seen 
thmugh a telescope of uiodt:rate power. This ray, fi-oui 
its sujKrior breadth, must uectissanly come from that 
Lpale, tawny liirht wliieli invests the bright part of th« 
'flame. This, which is readily seen when the flame is 
large, envelops the middle and upper parts, but ennnot 
BO easily be detected low down. It is to be attiibutefl 
to the carbonic acid and s*teaiu that have risen at a high 
temperature in tlie burning .sliell, and are esca]>ing at a 
degi'ee above that of in candescence into the air, and aro 
niiugled witli oxygen diffusing from the air into them. 
,A siniihir tawny cloak surrunnds tli^ ujipnr purl of the 
flame of a candle; it answers to tlie o.xidizing flame of 
the blow-pipe, and yields Brewster's mpnochi'oniatic yel- 
low ligbL 

(A few ye^rs subseijuently this yellow ray was dis. 
covered by Swan to be due to sodium. It is now known 
as the lines D. At the date of this memoir it was nut 
suspected that sodium is so universally di^'used.) 



IV. E^tlnnatum of Ote nature of colored jlam€»i itf tow- 
ing,for example^ why carbonic oxide 6urm blue^ and ctf- 
ano(/en vad. 

To return now to carlionle oxide and cyanogen. Fig. 
8, No. 1, represents the solar spectrum with its fixed 
lines; No. i\ it'prtsent.H the spectrum of carbonic oxide 
burning in the air. It begins in the red region short of 
the ti.xed line C, and terminates between the lines G and 
H. It yields, therefin**', rays of every eoku', and this in 
accordance with the princiides we have laid down; but 
when the relative quantity and force of the rays are es- 
timated iu comparisou with the sunlight spectrum, the 
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red and orange are deficient, and tbe more refrangible 
colors preiluiiiitiate, and, indeed, it is tlie excess of these 
tliat gives the flaiue it« cliaracteri^tic blue tint. This 
asrrees with what has bet-n observed as to anthracite and 
charcoal; for with carbonic oxide a limited supply of 
oxygen can bring aVwut tbe niaxinmni chemical action, 
and thci'cfore liberate in abundance rays of maximum 
rcfrangibility. 

This condition of things is inverted in the case of cy- 
anogen. It is the nature of its flame to be enveloped, as 
it were, in a sheet of nitrogen arising fi-oni its own bum- 
iiig, and this nece-tHjirily iiupede-s the access of nir and 
ch<'«ks the intensity of the chemical change: a check 
which is at once betokened by the emission of a ]ii*edom- 
inant number of rays of low rcfrangibility or of a red 
color. 

But there is a sinking difference in tbe chemical con- 
ditions under nhich carbonic oxide and cyanogen burn. 
In the case of the former the whole gas is coni))ustible, 
in the latter the carbon alone, and we have, in reality, 
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inli-u<luced an iiioomhustible element intu tin; dame; for 
aa tbe cai'bou bums tbe iitoombustible nUrogmi is set 
free. It occuiTed to nie, in selecting tbe gas for eipen* 
mtut, that this coiKlition shouUl impress a physical char- 
actei'i.stie on the tluiiiu I t]iuii>^ht it was nut iiiijKissiblt; 
that dark lines in its spectriiia might be the result, be- 
cause there must be a peculiar arrangement of tlie burn- 
ing strata which together make up the shell of the flame, 
every two atoniii of carbon netting free one of uitwgeii. 
X dill not Icnoiv, until siibsecpimilly, that this flaiue had 
already been examined by Faraday. Having theit;fo!"e 
confined some cyanogen, made from cyanide of mercury, 
ill a glass gas-halde.r filled with a saturated solution of 
common salt, I burned it from tbe jet-pipe, and found 
that what I had surmised was actually the tiict, Tliei-e 
was a spectrum so beautiful that it is impossible to dt*- 
scribo it by words, or dtpiut it in colors. It was crossed 
tbrougbout its extent by black lines, separating it into 
well-marked divisions. I could plainly count four great 
red rays of definite i*efrangihility, followed by one or- 
ange, one yf How, and seven green rays; while in the more 
rcfmiigible spaces were two extensive grou]>s of block 
lines, recalling somewhat from their position, but greatly 
exceeding in extent, Fraunhofer's lines G and II in the 
Bun-rayB. I shall i-eturn to tbe consideration of this 
H|>ectruin and to the relation of fixed lines presently, 
here only making the remark that the burning of cyan- 
ogen, both as res]>ects the color of the light and the oc- 
curi-ence of fixed lines, is a direct consequence of tbe 
principle I am establishing. 

The unassisted eye detects two well-marked regions 
in the cyanc^en flame: a greenish-gray stratum on the 
outside, and a lilac-colored nucleus within. Decomposed 
by tbe prism, a horizontal element of this flame shows 
that tbe exterior shell contains all tbe prismatic colors, 
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except, perbap8, tlic yellow ; but the green, the blue, and 
the violet greatly predominate. The interior lilac flame 
is the source of the bright specti-um with fixed lines just 
described. 



V. Gmiinvation of the mme pnuciple m ths case in 
ivhii'h c&mhuMhn ia can-ietl oh in oxyyeii ffa« instead of 
tUmovj>heric air. 

If the prinpi]»k' that high refrangibility is connected 
with intense chemical actiuu be true, it must bold gtMid 
when the nature of the atiiio<iphere in whifh the burning 
i.s carried torwiH-d is <!hanged. If, insti'jicl of being the 
iTominon air, it is oxygen gas, we ought to be able to 
foresee the result. Carbonic oxide, when made to bum 
iu that gas, should not change its tint ; bwatiHi- if tlie air 
c«n carry on the process to its maxinunu elTttct, o.\ygen 
can do no more. But the result should be just the i*e- 
vei-se with cyanogen, which, if made to V»urn in oxygen, 
should l>e capable of emitting rays of higher refrangi- 
bility. 

Foreseeing this result, T submitted the two gases to 
experiment, and first arranged the carbonic oxide so 
that its spcctrnm might be examined in the telescope 
as alitfady describtMl; then causing a elwui bell -jar full 
of oxygen to be inveited over it, the flame diminiii^hed 
somewhat in size, emitted a slight crackling sound, ^ut 
fetainetl its a/for uuchanged. Its sjiectruni appeared pre- 
(risely the same both as i-esj)ects extent and the distribu- 
tion of color, whether the burning took place in oxygen 
gas or in atmospheric air. 

If cyanogen be made to burn in oxygen, we ehould 
expect that it would lose to a great extent its character- 
istic lilac tint, anii emit a whiter lights It was therefore' 
xevy interesting to find that the moment the flame was 
immei'sed in oxygen it lost much of its pinkish color, 
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ftiiil Lecnine of a ilazzlin^ brillmncv: and on examina- 
tion through the teleswpe, though aU the coiui-s had 
itiLTttased in hrlghtnesB, the most i-ernarkahle efl'eot tf>ok 
place among tliu extreme refrangible rays. Far out of 
the limits of the orJiiiary spectrum a ray of great purity 
and force was developed, as repi*caenfccd in the Fig. at 
No. 5. Its color is violet. 

I have made similar experiiuents on many other flamea 
liesides thuHe lieit; mentioned. It is not necessary to re- 
late them in detail, fur they give the ^me results. lu 
every instance of comhustion in the air, when the flame 
is bright enough, all the colors are visible; and when 
the combustion takes place in oxygen they are increased 
in intensity. With hydrogen gas and alcohol the light 
is so feeble that the eye cannot catch the terminal rays; 
but as soon as the combustion is made in oxygen the 
rett and the violet both ap])ear, the latter, however, pre* 
dominating. Several of the^e spectra both in aip and 
oxygen are represented in Fig. 8. In No. 9, the letters 
ffi g and in h indicate a maximum of gi'een and blue 
light in the form of liHght lines. 

It does not requii'e the use of a pnsm to satisfy one^s 
self of the change of tint tliat flames exhibit when the 
chemical action increases. In reality' it is only net^^ssary 
to compare by eye-sight the color of the light emitted 
in air and in oxygen gas. In the latter case rays of a 
higher rufrangibility miifonnly arise. 

On the evidence furnished by the foi-egoing experi- 
ments I regard a conmion flume as consisting of a shell 
of ignited matter In whieh combustion is going on with 
different degrees of rapidity at different depths, being 
most rapid at the exterior, where there is ii more perfect 
contact with the atmosphere, and diminishing inwanl. 
In a horizontal section, the interior space consisting of 
unburned vnjK>r is black; this is surrounded by a ring 
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where the combustion is iDcipieDt, and from which red 
light i«8uee; then follow orange, yellow, greeu, blue, 
indigo, and violet circles in Hucces^on, the jinnluction 
of each of these tints being dfi>endent on the ra|iidity 
■with wliich chemical action is going forward — that is, 
uu the nnimiiit of oxygen j>i*esent — tlie tints gradually 
shading vff into one another and forming, as I have said, 
a circular niinlHiw, An eye placed on the exterior of 
such a flame tM;es all the colors conjointly, and fi-om their 
general admixture arises the predoniitiant tint. 

An examination of the flame of a candle veificttfly 
ct»nfirms this et»nclugion, for tlie rtnl projt-cts on tbe top 
of the flame, and the blue towards tie bottom. 

From tluR, which may be ix^rded as the normal 
flame, the flame of oyantigen differs. It inunt consist of 
as many concenti'ic sLells as the prism separates it into 
regions of dellnite refrangibility. Its iuteiior j)art is 
thei-efore divided into four i-ed layei's, fallowed by one 
of orange, one of yellow, seven of gicen, etc. Thei« aie 
two great inactive spaces ^^wards the outside of the 
flame, corresponding to the two great groups of fi.\«l 
lines. Perhaps through all these inactive parts the in- 
combustible nitrogen chiefly escapes. 



VI. Effici» of the inii'wiuction of air into the interior 
of a fiavie, prmlnHng Ote tleidruciion. of the rnl and 
orange strata^ and converting them into violet. 

It now becomes a curioiie subject to detei-mine what 
takes place when an ortlinary flame in tlisturbed by the 
introduction of air into its interior. When a blow*pipe 
jet is thrown through the flame of an oil-lamp, the sharp 
blue cone which furms indicates, on the principles hei-e 
set forth, that ike cuinbustiuu is much more active. But 
if the colors of the common flame come from difl'ercnc 
depths, the red being the innermost, it is clear tliat the 
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introduction of a jet of air 1>y a l>1ow-pipe slioulcl nialce 
tbe combustiou rajjid where before it was slowests and 
the less refrangible colors ought to be destroyed. A 
prismatic analysis should exhibit the 8[>ectrum of a 
blow-piiH; flame without any red or orange. 

In this examination no slit was rwiuircd, as in the 
fiirmer experiments, for tbe cone itself^ when at a dis- 
tance of six or night fi*et, was narrow enough for the 
purpose. It yielded a vt-ry extraordinary sp(-ctrun). As 
I auticij>atedf all the red rays were gone ; not a vestige 
of either them or of the orange could he found. But 
the Bpcctruin was divided into five well-marked regions, 
separated from one another by dark spaces. There were 
five distinct images of the blue cone: one yellow, two 
green, one blue, and one violet. In Fig. » this result is 
represented. 

This experiment may be verified without a telescope. 
On looking through a prism, set horizontally at its angle 
of minimutu deviation, at a blow-pipe cone some eix or 
eight feet distant, there will be seen a spectrum of that 
part of the flamo which does not join in the pnnluction 
of the blue cone. It contains, of course, all the prismatic 
coloi-s. Hut pn»jecting fioni this are five coloi-eil images 
of the C(»ne — out; yellow, two green, one blue, and one 
violet. They are entirely distinct ft-oni one another, and 
ai-e parted by dark spaces. 

Such is the effect of introducing air into the interior 
of a flame, and destniying those 
strata that yield the red and 
orange coloi-s. The effect of a 
blow-pipe is to produce two 
strntn of >due light, one being 
,«xternal, the other iiitcrnul; also 

TO Strata of gretm, one again 
external, the other internal, and the escaping products 
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of combustion, stonm and carbouic acid, niiugled with 
atnuwpheric air, constitute the oxidizing flame, which 
envelops the blue cone, and emits Brewster's mono- 
chromatic yellow light. That the yellow light comes 
from this flamt; is proved by the gi-eater length of its 
image. 

VIL Physiccd cau^ of tAe production of ligM by chem- 
icttl action 

Do not the various facts here brought forward pi-ove 
that chemical combinations are attended by a rapid 
Tibratory motion of the particles of the combining 
boilie?*, whii.'b vibrations )>t'c*nne moi*e fi"et|uent aa the 
chemical action is more intense i 

The burning particles constituting the inner shell of 
a flame are executing about four hundred billions of 
vibratiuns iu out; second ; those iu the luiddlu about 
six hundred billionB, and those on the exterior, in con* 
tact with the air, about eight hundred billions in the 
same time. The quality of the emitted light, as re- 
spects its colur, depending on the frequency with which 
tlicse vil)rati"UM are accomplishtHl, increases in refran- 
gibility as the energy of the chemical action becomes 
gi-eater. 

The parts of all material bodies are in a state of 
incessant vibration; that which we call iempej-atitre de* 
peuds on the frequency and amplitude of these vibra- 
tions conjointly. If by any process, as by chemical 
agencies, we inci-ease that frequency to between four 
and eight hutidivil billiims of vibraticuis iu one second, 
ignition or combustion ivsults. In the case of the for- 
mer of these numbers, the temperature is 977° Fahr. 
At this temperature the waves propagated iu the ether 
impress the oi^an of vision with a na} light. 77tiit also 
»V tfi^ temperature of the innermoift shiU of a Jtame. If 
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tbe frequency of vibration still increases, the t^'mpemture 
corres|MjuJiugly ] ises, auJ tbe light successively becomes 
oraugf, yellow, given, blue, etc., auJ this condition ob* 
taius iu tbe successive strata of a tlanie, us we pass from 
its interior to its exterior surface. 

The general prirnnple at which I thus arrive, as the 
result of this experimental investigatioHi viz., that there 
is a couuectioii between the energy with which chemical 
affinity is satisfied and the rcfrangibility of the resukiug 
light, assumes the position of a simple consequence of 
tbe undulatory theon,'. Is it not very natural, if all 
chemical changes are attended by vibratory motions in 
the partieles of tli« bodies ('Ugaged, that those vibrations 
should increase in ffe<)ueucy as tbe action becomes more 
violent i But an incivased frequency of vibitition is the 
fiame thing as an increased refrangibility. 

VIII. On the phijifical cau^ of Fraunhofer's <hirh lines. 

Although I have extended this memoir to so great a 
lengtli, I have omitted many facts which have b«en 
mode tbe subject of cxjKTiinent. I cannot conclude, 
however, without offering some rtimarks ou the artificial 
proilnction and cause of Fraunhofer's fixed Hues. 

It has Iwen stated that I was led to expect the pro- 
duction of these lines in the tiairie of cyanogen, from 
considering tbe circumstauceA under which its combus- 
tion takes place. Returning to this phenomenon, I 
shall liere point out a very remarkable numerical I'e- 
latiuu existing among the fixed lines of the solar spev 
tnini. 

The following table contains Fraunliofer's determina- 
tion of the wavt^lengtbs of the seven great fixed lines 
of the spectrum, which are designate<l by the capital 
letters of the alphabet fr()m B to H. I have added the 
wave-length of A li-oui my own e.xi>eriment8. 
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Tabie of ttnve-lta^fhs correrpOH^iHg to the eiffht ffreat fixfd lion of 
the aolar spectrum, the Paris inek being supjKJttd to be divided into 
onf kundrtd mitliims o/ equal jtarta. 



A = 2ffliO 


E = IMS 


B=2i41 


F = 1711* 


C = 2428 


G = 1&H7 


I>i=ai7ft 


U = 146i 



An examination of this talile proves that — 

The wnrc-length af R in III) puru leu iliAn A ; 

C •' 8S« 

" *' D " 48S " '* 

u .. K .. 715 .) •• 

U .. F W „;fl .. .> 

" " G " KITS '• " 

u ti H .. 1194 11 u 

and these differences of length nro ohviously very nearly 
as the whole numbers 1,2,4,0,7,9, 10. This coincidence 
is far too striking tu be merely accidental. Moitx)ver, 
it must not be forgotten tliat the oliservfd numbers aa 
deteranned by Frauuhofer ai-e wholJy independent of 
any hypothesis. 

If the relation of whole num))ers were rigoixiusly true, 
the numbers in the foregoing table would stand as fol- 
lows: 119, 238, 47r>, 7U, 833, 1071, 1190. 

The wave-length of tlie most luminous portion of the 
spectnim, the centre of the yellow space, is 2(HiO parts. 
If we take this ns an ojittcal centre, it will be found tliat 
the great lines are situated symnietrically in i-elation to 
it E and D are wpiidistant above and below it ; the 
same observation applies to G and B, and also to H and 
A. The only departure fj-om this symmetry is in the 
case of F, which is not symnietncnl with C. It will be 
understood tliat 1 am here speaking of one of those 
spectra which ai*e fornie<l when a grating or ruled sur- 
face is used. In this the colors are arranged side by 
side, according to their wavelength, the centre of the 
spectrum, wbich is its most luminous portion, is occupied 
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by the centre of the yellow space, ami the light termi- 
nates at eqnal distances in the violet and red. 

Do not these observations lead us to conclude that 
the cause, whatever it may be, which produces these 
fixed lines is periodic in its action ? 

What that cause in reality is we have not now facts 
sufficient to determine. I would not affirm that the 
disengagement of incombustible matter by a flame will 
always give nse to dark lines. But this is very clear, 
that in all those cases, as cyanogen, alcoholic solutions 
of nitrate of strontia, of boracic acid, etc, in which these 
lines are developed, incombustible matter is uniformly 
disengaged. 

UmvERSiTT OF Nkw Yorr, i)tc 26, 1817. 
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OK DTTISIBLK FIXED LINKS IN THE BUw's SPECmtUH DB- 
TKtTED Uy PUOTOGKAI'IIY. 

From ibe Pbtkwopbicnl M&eulne, Mor, IfttS. 

CoNTKsra: — The pkotoffmphy of i^»»ho/er's Jixed tines. — The Una iu 
th« red due to abtorptioH by th« tarth'a atmotpKcrt. — JfoaiencUttare t^ 
thfi Frtiuahofrr tints. — Dincmvry of tht inrinhte Jtstd tine*. — Origt- 
titU map o/ l&em, — The Htw uifra tfifetrnl reij line* a. fl, y. — itnli*- 
eownd by Foiteautt and Fatau. — JU. £. BKyuertft duKovrry. — £x- 
perimenU nt 1834. 

When a l>eain of the suu's light, directed horizontally 
by a heliostat, is admitted into a dark room, aud, passing 
through a wlit with |mrallel tnlgtis, is received on the sur- 
face of a flint-glass piism, which refiacts it at the angle 
of ruiniiuuni deviation, and, after its passage through the 
prism, ia couvei^ed to a focal image ou a white sci^een 
by the action of an achromatic lens, the rcRuHing spec- 
trum is given in great puiity, and Fraunhofer's Hum are 
veiy distinct. If a photogi-apliie surface be set in the 
place of the white screen, it will exhibit the repi*esenta* 
tioii of multitudes of dark lines, varying greatly in di- 
mensions. 

After several attempts last summer, I succeeded in 
discovering these lines, aud have obtained impi*es$ioD8 
of them sufficiently perfect. 

Before pniceeding to the description of the mode to be 
followed, and of the characters of the lines themselves, I 
cannot avoid calling attention to the remarkable circum- 
stance which has fi-equently presented itself to rae of a 
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great change in tlio relative visibility of Fraunholer's 
]iuc8 when seen ou Jidureul occasious. There are times 
at which the streog liuea seeu in the red my are so fee- 
ble that tlie uyo cjin barely catch them, amJ tlicu again 
they eoine out as dark as thougli marked with India-ink 
CD the paper. During these changes the other lines may 
or may not undei-go corresponding variations. The same 
remark apjdies equally to the bine and yellow rayw. It 
has seemed to me that the lines iu the red are more visi- 
ble as the sun appi-oaches the horizon, and those at the 
more retVangiljle end of the spectrum ai-e plainer in the 
middle of the day. 

(I suliseqiitMitly substantiated this remark, and satis- 
6ed myself tliat many of the lines in the red are due to 
absoii>tion by the earth's atmosphere, and therefore more 
distinct with a rising or selling sun. Th<iMt! in the more 
refrangible regions, the blue, the iniligti, and the violet, 
are due tu absorption by the atmosj>here of die sun.) 

A 8unl>eam, passing horizontally from a heliostat mir- 
ror into a dark rouni, was received on a metal plate with 
a slit in its centre, the slit being formetl by a paii- of 
parallel knife edges, one of which was movable by a 
micrometer screw, the instrument being, in fact^ the com- 
mon one used for showing diftVacted fringes. The screw 
was a4ljnsted so aa lo give an aperture ^j inch wide, and 
the light passing tlii-uugh fell u[>ou an ei|niaugular flint' 
glass j>rism placed at a distance of eleven feet. Imme- 
diately on the posterior face of the prism the ray was 
received on an achromatic lens, the object-glass of a tele- 
scope, and brought to a focus at the distance of si.v feet 
six inches, at which an aixaugement was adjusted for ex- 
posing white |niper screens, on which the greater fixed 
lines might be seen, or sensitive plates substituted for 
the screens, occupying precisely the same {position. The 
lines on the scivens could, therefore, bo compared with 
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those on tlie sensitive surfnces as to position ami magni- 
tude with conBidtraljie accuracy. 

In oilier to identify these lines I liave made nse of 
the map of the spectnim pul>Iished by Professor Powell 
in the Report of the British Association for 1839. With 
the apparatus, as above describcnl, they are exceedingly 
distinct; no difficulty arises in the identification of the 
more prominent ones. The Hpectrum witli which I have 
worked occupies upon the screen a sjiace of nearly four 
inches and a (quarter in length from the red to the violet, 
or, more con-ectly speaking, from tlie ray marked in that 
map A to the one marked X'. In stating, however, that 
no difficulty aiises in identifying these lines, I ought to 
add that I am referiing to that particular maj*. In 
the figure annexed to Sir John llerschel's** Treatise on 
Light," in the "Encycl<ij«pdift Mctropolitana," the rays 
marked G seem to difter fi-om that in the report. But 
Professor Powell's map being drawn from his jwrsonal 
observations, with reference to these very difficulties, and 
as it agrees with my own observations anil measures, I 
have employed it, and theivfoi-e take tlie letters he gives. 
(I may add that in all the earlier of these memoirs his 
norneuclatui-e of the fixed lines is used. It differs a lit- 
tle from that now employed by spectroscopists.) 

It will be undei-stood that the irfi/ik spectrum and ail 
its lines cannot be obtained at one impression. Tlie dif- 
ficulty is that the diffei*ent regions of the spectrum act 
witli different power in producing tlie prnjier effect. 
Thus, if on common yellow iodide of silver the attempt 
wei'e made to obtain all the lines at one trial, it would 
be found that the blue i-egion wonUl have passetl to a 
state of hlHh solarization, and that all its fine linra were 
extingui(*heil by being overdone long before any well- 
tnarketl action could be trflc<Ml in the less ivfrangihle ex* 
tremity. It is necessar}-, therefore, to examine the differ- 
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eiit r^ions in siicct-ssion, exposing the 
svDsitivfj burtacu to eacb for a suitable 
length of time. 

lu Fig. 10 I have given on the left, 
side a re[in'seiitutiou of the larger liues 
of Frauuhofer; the right side gives them 
as obtained on a daguerreotype plate 
whieh has beeu iotiized to a yellow, 
brought by the vaj>or of bi-oniine to a 
red, and then slightly exjwsetl to the 
vapor of chloride of ioiliiie. The pho- 
tograph is so adjusted as to liave its 
linea by the Hide of those of Fraunhufer 
which have tlie same name. It will be 
Been that there are beyond the red ray 
three extra Hpeetrul lines, whieh I have 
marked a, fi, y. These, however, I Lave 
only oecrtsionally fouad, for from the 
general iliiuinutinn of eflect in that i-e- 
gion they do not ahvay.H eonie out in n 
plain aud stiikini; manner. None of 
Fraun!iufer'3 Hues in the yellow and 
gre<m are given, but G aud its comj>an- 
ions are very strongly impressed, as also n 
the group about t. Hut by far the most 
striking in the whole photogra]>h are 
those marked U aud X:. Then passing 
beyond the violet and out of the visible 
limits of the spectrum, four very strik- 
ing groups make their appearance. To the first line of 
each of these, in ooutiiiuation of Ftaunhofer's nomencla* 
ture, I gave the designations M, X, O, P. In / there are 
thi'ee lines, in M eight, iu N thive, iu O four, aud iu P 
five. 

Besides these larger groups, the photographs were 
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crossed hy liunJi^eds of minuter lines, so tbat it was ini- 
possible to <*<Hiiit them. If rurally six linndivd have l>een 
aniiited Iwtwettn A ami H, I sluniM think there must be 
quite as many between H and P. In speaking of these 
lines as though they were strong individual ones, the 
statement is to be taken with some limitation. It is 
quite likely tliat encb of these bolder lines is made up 
of a gi-ertt number that are excessively narrow and close 
together. 

If the absorptive action of the sun's atmosphere be the 
cause of this plicnnmerion, that action must take place 
much more powerfully on the more refrangible and ex- 
tra-spectral region. The lines exhibited there are bold 
and strongly developed ; they are crowded in groups to- 
gether. 

(Scarcely was the paper from which the foregoing ex- 
tracts are made published in the Phih}mpkiatl Miujaziiie, 
when I learned tbat in France M. E. Becquerel had al- 
i-eady photographed the more refrangible lines, and pub- 
lished statements to that effect. But he had not ob* 
served those in the less refrangible regions, designated 
by me o, ^3, y. 

In fact, the process I was using was one I had recently 
discovei-ed: it consiijted in permitting the daylight to 
fall along with the sun rays on the photrigraphio surface. 
The daylight and the sunlight antagonized each other, 
and these hitherto undiscovered lines made their appear- 
ance as positive photographs. The pecidijirities of this 
rtinguhir and interesting process I will describe hereaftei- 
in one of these niemoii^ 

In 1846, MM. Foiicnult and Kizeau, having repeated the 
expenraent thus originidly uitidc by me, presentcil a cora- 
municatiun to the French Academy of Sciences. They 
had obseiTcd the antagonizing action above described, 
and had seen the ultra sj)ectrum heat lines o, /3, y. They 
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)m<l taken the preo.iution to deposit with the Academy 
a sealed envelope containing au account of thuir discov- 
ery, not knowing that it liad heen made ami published 
long previously in America. 

Hereupon M. E. Recquerel comniunicatwl to the same 
Academy a criticism on their paper. In this he remarks: 
"M. Draper, in examining the image ])raduced hy the 
action of the Bpeetrum oti platen of iodized Kilver, an- 
nounced before those gentlemen the exis^tence of protect- 
ing rays antagonizing the action of the solar rays, and 
even acting negatively on iodide of silver." He strength' 
ened his views l»v adding some ohservations that had 
hixii made hy Sir J. Herschtl, who did not assent to the 
ejEistence of this protecting action, but thought that tho 
daguerreotype impreesious could be explained on New- 
ton's theory of tlie C(diu*s of thin plates. 

Ilerschel had made some investigations on the distri- 
bution of heat in the spectrum, using paper blackened on 
one side and moistened wiih alcohol on the other. He 
obtained a series of spots or patches, commencing above 
the yellow and extending far below the i-ed. Some writ- 
ers on this subject have considered that these observar 
tions imply a discovery of the lines a,ii,y', they forget, 
however, that Ilerschel did not use a slit, but the direct 
image of the snn — nn imngt^ which was nmre than a 
fpmrter of an inch in diameter, as I know from the speci- 
mens be sent me, and which are still in my possession. 
Under such cii-cum^tunceH it was physically impo^ible 
that these or any other of the fi.xed lines should be seen. 

As I had thus been unsuccessful in obtaining impres- 
sions of the fixed lines D an*! K — once only I tliought I 
percei\ed a line corresponding to Fraunhofer's F, but it 
was exceedingly faint and on the whole doubtful — I sup- 
posed that this fm-nished an aigument for the physical 
independence of the luminous and actinic mys, as they 
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were subsequently called. Tlie liiiea D, E, F were, how- 
ever, ufterwaiils photograph e<l hy my son, Henry I)raj>er, 
and scj thii argunumt t'tOl to the ground.) 

In 18:i4, wiieu uiy attention was first drawn to these 
suKjeet-s, and I hegan to make prismatic analyses by the 
aid uf sensitive paper, some of my earliest atitfuipts weru 
direotL'd to the detection of these tixc-d linos. At that 
time 1 wjis employing sensitivo paper, made with bro- 
mide of silver, pi-ecisuly as has been subsequently done 
in Eumpe — a number of the results were published in 
the American journals dunrig the year 1837. In the de- 
tection of the tixed liners I t'uiltfil at that time entirely; 
but the bromuretted paj)cr enabled me at that early pe> 
riod, when thtj attention of no other chemist was a« yet 
turned to these mattei-s, to trace the blackening action 
fmm far beyond the confines of the violet, down almost 
to the other end of the spectrum. I distinctly made out 
that the dark rays underwent interference, after the man- 
oer of their luminous conijinuions, a result oiiginally due 
to Arngo, and printed some long papers in proof of the 
physical inde[>endeuce of the chemical rays and light and 
heat throughout the spectrum. 
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ON THE NATURK OF FLA3IE AlfD ON THE CONDITION OF 
THE sun's surface. 

¥iom tbe American Journal of Science and Arts, Second Series, Vol. XXVI.,18fi6; 
Philosophical Magazine, Feb., lt<r>8. 

Coktentb: — Dove's experiments on electric light. — Dark lines replaced 
by bright ones. — Electric spark between metallic turfaeeH. — The lines 
depend on the chemical nature of the substance from which the light is- 
sues. — They may be used for determining the physical condition of the 
tun and stars. — Three hypotheses of the condition of the ««»'» surface 
examined. 

Among the more recent publications on Photo-chem- 
istry, there is one by Professor Dove on the electric light 
{Philomphical Magazine., Nov., 1 857) which will doubt- 
less attract the attention of those interested in that 
branch of science. Examination by the prism, and by 
absorbing and reflecting colored bodies, leads him to the 
conclusion that it is necessary to consider tlie luminous 
appearance iw having two distinct sources: 1st, the igni- 
tion or incandescence of the material substances bodily 
passing in the court-e of the discharge ; 2d, the proper 
electrical light itself. As respects the former, he illus- 
trates its method of increase from low to high temi)era- 
tures by supposing a screen to be withdrawn from tbe 
red end of the spectrum through the colored spaces suc- 
ces.sively towards the violet ; and that of the latter from 
the bluish brush to the bright Leydeu spark, by a like 
screen drawn from the violet towards the red. 

The true electric light exhibits properties resembling 
those observed in actual combustions, as though there 

F 
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were an oxidation of a portion of tlie translated matter 
wlien the spark is taken in air. The unler of evolution 
of rays iu this instance happens to be the same as in the 
second illustration of Pix)fessor Dove, that is, from the 
viitlet to the red. There are eertain facts connectetl 
with these appearances of color which ai-e not generally 
known, and deserve to be pointed out. 

(I then give an abstmct of the pitvedini^ memoir, and, 
after s])euking uf the production of dark lines in the cy- 
anogen flume, continue as follows:) 

In other cases dark lines ai-e replaced by bnght oDee, 
as in the well-known Instance of the electric spark be- 
tween metallic surfaces. The occnrrtnce ofUjUif, ?rfiet/ter 
hri^hi or darlij i-n heiwe eonneeted with tlte elietnieal vatttt*e 
of (7« sufustance pi'oducing the flame. For this reason 
these lines merit a much more critical exuniination than 
lias yet been giveu to them, for by their aid we may be 
able to ascertain points of great interest in other depart* 
ments of science. Thus if we are ever able to acquire 
certain knowledge i-especting the physical state of the 
sun and other stars, it will be by an examination of the 
light they emit. Even at preseut, V»y the aid of the few 
facts before us, we can see our way pretty clearly to cer- 
tain conclusions respecting tht; sun. For since substances 
which art; incandescent, or in an ignite<l state, through 
the ficcuninlatioii of heat in them, show no fixcil lines, 
their prismatic spectrum being unintenuptefl from end 
to end, it would ajipear to follow that the luminous con- 
dition of our sun, whose light contains fi.\ed lines, cannot 
be referred to such incandescence or ignition. At vaii- 
OU8 times those who have studied this subject have of- 
fered different hypotheses: one regarding the sun as a 
solid or perhaps liquid mass in a condition of ignition; 
another considering the light to be electrical; a third 
supposing him to be the seat of a fieree combustion. 



McHviK IV.] CONDITION OF TUE SUN'S SUHFACE- 



83 



Of such hypotlieses we have given reasons for declining 
the first. Prisiuatic analysis, which ilemonstratea no r*- 
seinbliuce between the light of the snn nri<l that of any 
fonn of electric discharges with which we are familiar, 
enabled ua in like Diauner to reject the second ; and, upon 
the whole, facts seem most strongly to prepossess us in 
favor of the third; in artificial comliustious similar fixed 
lines being ohserved. If such is to be regarded as the 
physical eouditiou of the sun, we can no longer contera- 
jilate him as an immense mass slowly and tranquilly 
cooling in the lapse of countless centunes by radiation 
into space, as so many considerations drawn from other 
branches of science have hitherto letl us to suppose, but 
he must be regarded as the seat of chemical changes 
going on njwu a prodigious scale, and with inconceiv- 
able enej-j^y. 

If the law designated above, that the more energetic 
the chemical action in eombiistiou the more refrangihie 
the emitted light, be translated into the couceiitious of the 
undulatory theory, it not only puts us in possession of 
a distinct idea of the nianuor in which the comlmstive 
union of bodies is accomplish^!, the quickness of vibra- 
tion increasing with the chemical enei^', but it also en- 
ables us to transfer for the use of chemistry some of the 
most interesting numerical detenuinatioiis of optics. 

UmTBafiiTT ov Nbw Tork, Ike. 19, IK57. 



loTE. — I have thus presented the four preceding 
memoirs as early contributions to the history of &j>ec- 
trum analysis, and applications of specti-oscopic researches 
to solar jjliysics or astiMnomical problems. I think that 
perhaps they will not be less interesting to the scien- 
tific reader from the cii'cumstance of their impeifectiona. 
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He will not look upon them from the present elevated 
point of view, but regard them as resulta gathered with 
much labor by a pioneer— it'su Its that have had some- 
thing to ilu with the dev<^]4>jtnient of tlic subject. 

The history of science fchows that thei-e have some- 
times been occasions on which one investigator, writing 
at an opj>ortune moment, has earned off fi*oiii his jiretl- 
ecessoi-s all the credit they were entitled to, and, per- 
haps without any definite intention on his jmrt, the 
world has unjustly awarded it to him. In America, as 
the foregoing memoirs show, some attention had been 
paid to tlie ii.se <»f the spectroscope long previously to 
the time when M. Kirchoff occupieil himself with the 
subject 

Tliirtesen years after the pnbli<Mtion of the first of 
these niemoirn, M. Kirchnff (IHf.iO), in a memoir leganled 
at that time as the origin of spectrum analysis, and en- 
titled, "On the Kelatiim between the Kadiatiug and Ab» 
sorbing Powere of Different Bodies fur Liglit and Heat," 
published, under the guise of mathematical deductions, 
many of these facts as discoveries of his own. This 
memoir appeared in German in PoggendorflTs AnnaleOy 
Vol. CIX.,p. 275, and was translated into English in the 
Phihmnphical Mmjazihe^ J»ly, 1 800. 

Among these deductions are the following. I quote 
M. KiixhoflTs own language: 

"If a body (a platinum wire, for example) be gradu- 
ally heated up to a certain temperatuiv, it only emit^f 
rays consisiting of waves longer than those of the visible 
rays. Beyond that point waves of the length of the ex- 
treme red begin to appear, and as the temperature rises, 
shorter and shorter waves are added, so that, for every 
temperature, rays of a corresponding length of wave are 
originated, while the intensity of the rays of greater 
wavelength is increased. 
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*' Whence, applying the same pmposititni to other 
bodies, it tuIliAvs tliat all bwlies, when their tempera- 
ture is gnidually raised, begin to emit waves of the same 
length at the same temperature," etc. (Draper, Phil. 
Ma</., Vul. XXX., p. .S4r>. BerL, 1847.) 

*'For the same temperature the mngnitnde (I) is a 
continuous function of the Mave-li'ngtb, except tor such 
values of the latter as render (I) evanescent. The truth 
of this assertion may be conclude)! from the continuity 
cif the speetnmi of a re<l-hot platinum wipi% provided it 
be admitted tlmt the power of absorption of such a body 
is a continuous function of the length of the waves of 
the incident rays." 

These, together with other facts, were presented by M. 
KirchofF, not as experimental, but as mathematical results. 
No allusion was made to the fact that the whole subject 
had been extensively investigated, as shown in the pre- 
ceding pages, many years before, the only reference to 
such iuvestij^ation being that e«htained, as shown aViove, 
in a parenthesis, which in the onginal is in a fuo^note, 
and even this was omitted in an historical menioir ou the 
subject shortly afterwaixls publishinl by M. Kiixihoff. 

As an example of the effect of this, I may quote fmm 
the ConrM de Phynique de V ^laAe J\difUi'hnuiu€j of Paris, 
by Professor Jaiuiu : 

"M. Kirchoff has deduced the following imjK)rtant 
consequences : 

"Black Ijodies Wgiu to emit at 977" Fahr. red radia- 
tiouB, to which are added successively and continuously 
other rays of increasing refrangibility as the temperature 
lises. 

" All substances bt'gin to be red-hot at the same tem- 
perature in the same enclosure. 

'*The spectrum of solids and liquids contains no fixed 
lines.'' 
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Subsequently, in the Phihsophiml Magazine (April, 
1863), a memoir appeared, under the title of " Contribu- 
tions toward the History of Spectrum Analysis and of 
the Analysis of the Solar Atmosphere," by M. Kirchoff. 
In this all allusion to the foregoing memoirs is avoided. 
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MEMOIR V. 

ON m£ NEGATIVE OR PROTECTCia RATS OF THS BUS. 

From Ihe IMiiloAophicttl MiiguJiK, Feb., lft«7. 

' CoKtzmtl—OriffiHai (/(jtonvTV of prtitfftiHtf rati iatioaM.— Case of a 
ttitffuerreotifjH' fJitlr, — Sf/tctrHm-jiholiv/rajiht made in I*tV</)Nra.— — Pro- 
tteUug action of Iht itm rr/ranffihU ray$. — Prntrttinff arliim nf the 
trtrtme ritjlet. — Variation* nf thv protecliny action. — Spf^lrtm of 
Jarknnu and a/trclnfm of {tapli^hl.—lHlfrftrtnw tf rayt t^ diffrrtut 
eoion. — Action nf trapes fif ml, yellow, and vioUt liifht with, mifft- 
Ungtha 2, \\, 1. — Cw of tkt difffiftion tprctrum. 

Ix a letter published in the Phiio^hical Magazine 
Nov., 1842, I bad otfiistoii to iiink« sdhic iiicidentnl re- 
marks respecting a olnss of rays existing in the sunlight 
which have the (jnality of exerting a negative or antag- 
onizing action upon those engaged in producing daguerre- 
otype results. 

In October last, MM. Foucault and Fizean having 
made n communication to tlie Fivneh Academy of 
Sciences to a similar etVect, and M. Edmond Becquercl, 
in criticising their results, having referred to me as the 
original aullior of the fact, I may on this occasion be 
excused for offering a few obsen'ations on this, which 
p-rhaps ia destined to lieeonie one of the most important 
phenuuiena in relation to the chemical action of the sun* 
light. 

That the opposite ends of the solar spectrum possess 
opposite qualities is an idea which has been floating 
among chemists for many years. The first distinct 
statement in relation t^) it with which I am acquainted 
occurs in a work published by Mr. B. Wilson, the second 
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edition of which dates as early as 1776. It is entitlc^l 
"A Seiies of Experiments on Phosphori." lie show9 
that it is the more refrangible rays which excite the 
phoHphoi-escence of sulphide of lime, l*ut the U-tm rtfrati- 
fjible onen exlinijuiuli it when shining. 

In 1801 Kitter found that chloride of silver which 
had been blackened in the violet rays had its color par- 
tially i-estored when placed in the red. He states also 
that phosphorus, which is oxidized with the production 
(if fumes in the invisible red, is instantly extinguished 
in the violet. 

The well-known experiments of WoUaston with guaia- 
cum served to show the opposite i-elations of the red 
and violet rays. U is remarkable that he &ubse<|ueutly 
abandoned this interpretation of the phenomenon, on 
discovering that gicen guaiacuni changed its color by 
the application of a hot silver spoon. 

In IKijy Sir J. Herschel encountered the same action 
in the east! of sonu'. of the preparations of silver. His 
fij-st idea was that of a positive and negative polarity 
of the spectrum; but this was subsequently modified 
for the reasons set forth iu his memoir {Phil. Tram., 
1840, § 60, etc.). 

In 1842 I had obtained some very fine daguerreotype 
impressions of the solar spectrum in Virginia, and since 
that time have never doubted the actual existence of 
thesci negative or j>rotecting rays; and on this occasion, 
when that existence is i-eas^eited by T^'relxmrs, Fizeau, 
and Foucault, I will make known certain new facts, 
premising that I do not think the views taken })y M. 
Becquerel are correct. They are founded on what seems 
to niu to be a niisiippreheusion of the phenomenon of 
the daguerreotype. 

A daguerreotype plate can exhibit three different 
Tarieties of surface: 1st, a black aspect ou those re- 
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gioDS where it has l>eeu unaffected by light; 2d, various 
shades of white; 3d, a colored blackaess^ the tint of 
which may l>e of a deep watcli-spiing lustre, or some- 
times of au olive shade. Pcpboiis fmniliar with the proc- 
ess will understand completely what I mean. The first 
of the^e conditions is represented in the deep t^hadows 
i)f such a phot(»graph, the ])laees where the light never 
acted; the second is exhibited in the various intensities 
of whiteness, which constitute the figures of the picture, 
the whiteness varying iu intensity according to the in- 
tensity of the light; the third is the solarized or overdone 
condition, which arises from too long an exposure to the 
rays. Like the fii-st, this may be spoken of as a black- 
ness, but in reality it is a dark green or blue or tawny 
tint. It is* this solarized condition of surface which M. 
Beci[uerel cunfuunds with the first, the blackness arising 
from the unchanged state ; and it is precisely on this 
point that the whole ai^ument turns. For the sake of 
having distinctive words to mark out these three con- 
ditions, 1 will call the first the unaffected state, the sec- 
ond the white state, and the third the solarized stat^. 

The observations I made in Virginia were as follows: 
That if a solar sptHrtnini be received on a daguerreotype 
jdate on which a weak daylight was Himnltnneously 
acting, the red, orange, yellow, green, and part of the 
blue rays arrested the action of the daylight on that 
portion of the plate on which they fell, and maintained 
it iu the unaffected state; while the residue of the blue, 
the indigo and violet, carrictl their part of the plate to 
a completely solarized condition. This therefore seemed 
to justify the assertion that the less refrangible rays 
protert Duguerre's prepai'atiun from the action of a dif- 
fused daylight. 

It was also found that if the plate were ejcposed to 
the daylight for a few seconds, so that had it been then 



90 



INTEItFERKSCE OF RADIATIONS. 



gtmoOiV. 



raerciinalized it would biivn wliitciied uiiifiirnily all 
over, on being made to i-ewive the spi'ctiuni the less 
refrangible rays actually cairied it back to the unaffect- 
ed fonditioii, revcrsitii; what had been already dune. 
While the more refrangible rays were forcing it on to 
the solarized state, these were returning it into the con- 
dition of shadow: tliey tberefore not only protect, but 
seem even U* exert a neijative or antagonistic action. 

Sir J. Uei'schel has critically examined one of these 
specimens, and has suggested an explanation of their 
appearance on the Newtonian princij>ie of the tints es- 
hibited by thin fihii* {Phil. Mug., Feb., 1843). But I 
found that it was tmmatei'ial whether the exposure to 
the spectrum was for thirty seconds or one hour — the 
result was the same. The final action had been pi*©- 
tlufu'd, the less refrangible rays had carried their ivgion 
to the unaffected state, while the more refrangible had 
solai-ized theii-s. Now if the phenomenon were due, as 
M, Be«|uerel supposes, to an unequal action of the same 
kind in the dilferent rays, it is obvious that the final 
result ought to depend on the time of exposure; th« 
i-ed ray, aided by the daylight, should carry its portion 
through the various shades of white, and solarize it at 
last. But this in the longest exposure never takes place; 
that part of the plate remains as though a ray of light 
had never fallen upon it 

Such are the facts I observed, and they seem to have 
been reproduced by MM. Koucault and Fizeau; but 
therci are also others of a much more singular natine. 
In these Virginia specimens th^ same pi'ot^ting (tction 
reappears f/eyimd the vittit-t. 

The only impressions in which I have ever seen this 
protecting action beyond the violet are those made io 
Vii^inia in 1842; they were made in the month of July. 
Stnick with this peculiarity, on my return to New York 
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tbe following August I made many attempts to obtaiu 
similar specimens, but in no instnnce could the extra- 
violet protecting action be traced, though the analt^ous 
action of the i-ed, orange, yellow, green, and blue was 
peifectly given. Supposing, therefoi-e, that the ditFer- 
ence n)U8t be due eitlicr to impurities in the iodine or 
to differeucea iu the method of conducting the experi- 
ment, I tried it again and again in every possible way. 
To mif smjtri^e I soon found that fhs negative f^tn't tiHts 
gi-aduaUy (/f^ppearhttj ; and on Sept 29 it could do 
longer be traced, except at the highest part correspond- 
ing to the yellow and green raya In December it had 
become still more inipt^rfect, but on the 19th of the fol- 
lowing March tbe red and orange rays had rccovei-ed 
their original protective power. It Beemed, therefore, 
that in the early part of the year a protective action 
had made its nppeamncc in the red ray, and about July 
extended over all the less refrangible regions, and as the 
year went on it had retreatetl upwards. 

Are there, then, periodic changes in the nature of the 
sun's light? Tbe absorptive action of the earth's atmos- 
phere is out of the question : if that were tbe cause, tbe 
character of these spectrum impressions should vary 
with the liuur of the day. Or is it not more probable 
that liiese singular phenomena rather depend on inci- 
dental changes in the experiment, such as external tem- 
perature, variations of moisture, the color of the sky, eta? 

Itndttr proi>er circumstances there is no difficulty in 
exhibiting tlie power which the less i-efrangible rays 
exert in nnesting the action of the daylight : under such 
circumstances a daguen-eotype impression of the sun's 
spectrum yields all three of the varieties of surface be- 
fore alluded to. Tht; jdate in the leas refrangible and 
extreme violet region is unaffected ; a nan-ow space of 
white separates these unaffected portions fi-om the in- 
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digu ami violet spaccB, wliieh are in a highly solarized 
aniditioii. 

but a totally different result is obtained when the 
daylight is uui- allowed to fall ou the i)late, either before 
or during its expusure to the Hpcetnui). Under these 
circumstances the rays which would otherwise protect 
now act on the plate and slowly whiten it • A daguerre- 
otype spectrum foriutHl ia dwhiess and without pre- 
vious ex[K>3urc to the light exhibits a white stain over 
all the less refniugihle ifgious, ami bears a marked con- 
trast to one forujcti under the siniuU«neoiis notion of a 
weak daylijtht. Fur brevity I will cjiU the former the 
spectrutn of daikiiess, and the latter the spectrtiiu of day* 
light. The following are some additional observations: 

In the spectrum of darkness there is in the white stain 
a point of iiiaxiniuni action. This corresponds with the 
maximum of jirotection in the spectrum of daylight. 

The white stain of the spectrum of darkness is appar- 
ently narrower than the protected space in the spe<!ti*um 
of daylight, 

Kays of luminous or of non-luminous heat projected 
on the darkness or daylight spectra during their forma- 
tion appear to exert no kind of special influence on the 
result. 

The white fringe which boi-dei-s the S(»lan/.ed portion 
is not due to anytliiiig analogous to conduction. These 
cheiuical changes, unlike thermal changes, cannot be con* 
ducted. 

By iuteiiwsiug between the piism and the daguerreo* 
tyi«J i>late a small convex lens of short focus, so as to 
intercept in succession each of the colored rays, I threw 
alt over the plate, while the spectrum was in the act of 
being impressed upon it, red, orange, yellowy and other 
lights in succession; the object being to ascertain how 
iax the impix'ssed spectrum would change when these 
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monochromatic rajs were used along with daylight, 
Herschel having previously shown in similar experi- 
ments that new iilieiioniena arise during the conjoint ac- 
tion of rays {Phil. TnniA.^ 1H40, § (J4). The following 
are some of the obsei'vations I made; their date is Sept 
24, 1843. 

The red ray when projected increasea the length of 
the solarized portion, and also of its white extremities. 

The yellow ray shortens the solarized portion. 

The gitfen ray exerts a greater action of the same kind. 

The iiulii»o ray gives a most remarkable result. It to- 
tiiUy inverts the action of the less i-efrangilile rny«, and 
they solarize the plate, acting in tlie same way that the 
more refrangible rays commonly do, causing it to exhibit 
a watch-spring lustre. 

I further found that when different rays are brought 
to act upon each other, the residt do*« not alone depend 
upon their intrinsic differences, hut also on their relative 
iritensitit*s. Thus the gi-een and lower half <)f the blue 
rays, when of a certain intensity, protect the plate from 
the action of the daylight; but if of a less intensity, they 
aid the daylight. 

The red ;ind orangi^ rays, wfien of a certain intensity, 
incn'asc tlu^ action of daylight on the plate; but if of a 
less intensity, they restrain it. 

The.*te facts seem to be connected with the circum- 
stance that there is o^ew to be traced on daguerreoty]>e 
plates a i-emarkable diffei-ence between the central and 
lateral parts of a spectrum. Tiius if a line bo drawn 
through the centre of such a spectrum and a parallel to 
it on one of the edges, the action at any point on the cen* 
tral line is the revei-se nf that at the corresponding prnnt 
on the edge. A similar remark, as respects impivsifions 
on paper, has lieen previously made by llei-schel. 

Such are the chief facts I have observed in relation to 
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the dagueri-eotjiw spectrum. It would seem at first 
sight tliat their divej-sity is so grent that we can have 
but little ho]ie of reduciug them to a common system of 
results originating in the same cause. I liave^ however, 
been long led to believe that the explanation is to be 
met witli in the great and fi'rtile pi-ineiple of intertcrcnce. 
From this point of view 1 regard the at-tion of i-ays of 
every kind a.s being essentially positive, and that action 
mainly consists in impressing a vibratory movtirnent on 
the atoms of tlie decomposiug substance. It is to my 
mind a fact of no common significance, that in those Vir- 
ginia specimens the ]>lac'es uf ina.viinnm protection in the 
less and more refrangible regions fall where the lengths 
of the luminous waves have the extrnoi-dinary i-elation 
of 2 : 1 . Then, when we also see that, before a perfect 
neutralization of action between two rays ensues, those 
rays must be adjustwl in intensity to each other, does it 
not show that interfeivnce of some kind is going on? 
Aiiaiu, the yellow ray is in numerous instances the ray 
wbicli most com])letely antagr>nizes those at the red and 
violet extremes of the s()ectriini: to use the language of 
Herschel, ^'This ray may be considei*ed as marking a 
sort of chemical centre, a point of efjnilibrium, or rather 
a change of action in the spectrum." I cannot avoid see- 
ing that these phenomena are connecte*! with the remark- 
able fact that the waves of red, yellow, and violet light 
are of lengths which correspond to 2, I^, 1. 

If, then, a powerful yellow r.iy can hold in check a fee- 
ble violet one, and |>revent it from decomposing iodide 
of silver merely because their relation of length is in 
the ratio of IJ; 1, it should follow on the same princi- 
ples that a red ray acting conjointly with a violet should 
give rise to an inci'eased effect, because the lengths have 
now become 2 : 1. And that this is in i-eality the case I 
found by direct experiment; for on projecting the red 
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Upon tlje violet, so that the colors should half overlap 
each other, I fouud that at the point of concourse the 
plate instantly solarized, and assumed a splendid green 
nietullic color. 

] Imve now explained the acceptati<.>n in which I I'e- 
ceive the negative mi/ as a synouyrii (in this instance of 
iodide of silver) for the yellow my, and alluded to the 
mechanism which seems to be the cause of protecting ac- 
tion genei-ally. Perhaps on a review of bis own experi- 
ments M. Becquei-el may find reason to believe that thei-e 
are in reality unta<^nizing actions in different parts of 
the spectrum; actions not limited to tlie daguerreotype, 
but occurring iu all kinils of cases. Tht-y have been met 
^vith by every one who has examined the spectrum \ntli 
sensitive paper's, and, in a diflerent series of ]>heMoMU!iiji, 
JL Beccjuerel has himself furnished a conclusive illustra- 
tion, iie shows that when sulphide of lime and other 
phosphorescent bodies iu a shining state are ex]>used to 
the spectrum, the mure refrangible rays increase the glow, 
but the less extinguish it. 

It is proper to observe that some of the phenomena 
rocordeil iu this comnmuieatiou which seem to be in op- 
position to the principle set forth are not so in reality. 
All reasonings fuunded on the ilecompnsition of light by 
the prism, and the action of tiic prismatic spectrum ou 
changeable surfaces, are liable to error. The only meth- 
od fi'ee from these difficulties is to emjiloy the diffmctinu 
spectrum formed by a rulwl sui-face or a grating, a meth- 
od which was proposed eight yeai-s ago by llerschul 
with a view of getting rid of the disturbing agencies 
ftiirting from the ideal coloration of glass, and which I 
first carried into effect in 1844 with so much success 
that the n*suUing daguerreotype impi-essions contained 
Frauuhofer*a lines, even with microscopic minutenesa. 
With this spectrum we avoid a fiir more senous diffi* 
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cultj than that of the ideal coloration of glass, a difficulty 
arising from the magnitude of the refracting faces of the 
prism. It is this which makes a prismatic spectrum 
blacken paper, made sensitive with the bromide of silver, 
from the red to the violet end ; whereas the diffraction 
spectrum shows that the true action is confined to the 
more refrangible side, and stops short of the centre of 
the yellow space. 

Ukitkbsitt of New York, Dtc. 24, 1646. 
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MEMOIR VL 

OS Tire DIFFKAOTION SPECIKITSI. 

From iJi« Philooophical >Uc»ziMf Afarcfa, 1827. 

CoxTKN'ta: — JfoJ* o/oitaininff the diffrntiion tpeetmm. — Tlif ytUnxn i» 
in ita middU ; it u a Cfntrr o^eheniicai aelion, — // ia aim tht holtetl 
rajf. — Diffrwtiou tjtfetrtt Ay rffieciloa. — Cotd fines. — DUatatioii of iht 
vtort rrfrangibU myH in the prismatic $jtrrlru*n, cumprvstion o/" the la* 
refranftihte. — AcHor of Ike diffraction spectrum on mUU o/titver. — Uae 
of teaee-lcH^thi for ajKCtrum divition. 

M. EisBNLfjiiu liavini^ ]>u1)lis1i«(l in Pogj^emlorff's Av- 
nahn for June ami August, 185G, some reseai-clies on the 
JiflVaetion ajiectruiu, from wliich it appeared tliat bo was 
not aware of the resuIUs I liad obtained and publiiibed in 
1844, 1 thought it well to call attention to them, and this 
1 did iu a letter to the etlitoi*s of the Pht/xmrtphictd Jfaff- 
azine, which they published in their journal ior March, 
1857, and from which the tollowing extracts are made: 

At first I obtained the diflVaction sjHietruni vciy much 
in the same manner that )I. Eisenlohr has done, by pass- 
ing a beam of light directed through a vertical slit by ii 
beliostat, and through a piece of ruled glasa at twelve 
feet distance. It was then received on an acfai-tjmatic 
lens of about four-feet focus, which jjnve a sharply de* 
fined spectrum on a ground-glass or photogrupbiu sur- 
face. Subsequently 1 found that it was much better to 
stiver the ruled Kuiface with tin amalgam, in tlie manner 
of a lookingglasJi, and thus employ a reflectwl spectrum. 
This is far more brilliant tban the transmitted one, and 
the silvering acts so perfectly that the most minute fixed 
lines may be seen. 

G 
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Ill n work pulilisliuil in 1844 "On tbe Kaivts which 
PtoJucc the Oi-ganiKation of Planb*," the results I oU 
tained were ilhistrated by steel engraviiij:^, one of them 
coiurt;*!, whh a vitnv of comparing the prismatic and dif- 
fraction spectra, and of ahowin!* the photographic ac- 
tion on iodide, chloride, and bi-omide of silver. These 
ivsults are substantially the same as those of M- Eiscn- 
lohr. They give the wave-lengths at which action begins 
flod cea»eR on each of those substances. Some of the de- 
tjiils may be found in a foriuer number of the I*fn'MtMtjf?i- 
wil Jftifjaziiie (June, 1845), and in that article it is par- 
ticularly ivoouimeuded to use wave-lengths for designat- 
ing rays, instead of titles of color, as red, yellow, etc. 

The chemical action of the diffraction spectrum is, 
however, only given in part in Jl. Ktsenlohr's ]>ublica- 
tion. Ho speaks of what occur.s in the more i*cfraugible 
i-egions, and takes wo notice of the action in the centi-e of 
tbe spectrum, and in its less refrangible space. 

I will state in detJiil what I here menn. Tt is well 
known that iu such a spectrum the yellow occupies the 
middle space, and that the light grades off in oue direc- 
tion to the i-eil, and in the other to the violet. Tliese 
terminate at equal distances from the yellow, so that 
the wave-lengths for the extreme violet, the centre of 
the yellow, and the extreme reii, are as 1, li, 2. 

Now from the extreme violet to the yellow the spec- 
trnni blackens silver preparations, and this is what is 
mmmonly understood by its chemical action by those 
who have written on photographic suV'jecta. But from 
the yellow to the extreme red the spectrum is also activeT 
though in a different way. This half is iu ant.-igonism 
with the other half. It can suspend or aiTcst the black- 
ening which would l>e caused by contemporaneously act- 
ing diffused light; nay, even more, it can undo what such 
lii;ht may have done some time before. Some remarks 
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on this topic inny be seen in tbe Philosophical Magazine^ 
February, 1847 (and in Memoir V. of the present work). 

The centre of the yellow spHoe is therefoi-e the point 
ofnc'haiigd in pliotograpliic iictidn. Fntni the cnninM^nce- 
ment of the red to that point the action is negative; fi-oni 
ihat point to the extreme violet it i« positive. The phase 
of action changes in the centre of tlie yellow. 

M. Ei-senlohr has made an allusion to the heating pow- 
er of the Hpectrnm, ami h* that point my attentiou has 
also been directed. This is the result at wliich I event' 
nally arrived — that the centre of the yellow is the hottest 
space, and that the heat declines efjuuDy tt» the two ends 
of the s)iectrum. I attempted to form a diffraction spec- 
trum without tlie nse of any dioptric media, endeavoring 
to get lid of all the disturbances which arise thraugh 
the absorptive action of glasses by using as the gi-atiug 
n ]H>lished surface of steel, on winch parallel lines had 
lieen drawn with n diatnond,and employing a concave mir- 
ror instead of an achromatic lent;; and though my results 
wei*e imperfect and incomplete,! saw enough to convince 
me that this is the riglit coni-se to be taken in investi- 
gating the problem. It is absolutely necessary to employ 
a spectrum wliich 1ms been formed by i-eflection alone. 

I will also add that, in the experiments here refeired 
to, a method was employed for determining the tempera- 
tures nf narrow spaces, which may b)* reconmieuded to 
those who are dis|>(>8ed to resume such inquiries. It is 
to use a I'lackened platinum wire, } of an inch long, and 
^ of an inch in diameter, one end of which is (nstened 
to the end of a bar of bismuth, and the other end to the 
end of a bar of antimony, each of these ))ai's being f of 
an inch stpiare on the end and 4 inches long, their dis- 
tant extremities communicating with a galvanometer. 
By canying the platinum wire transversely along the 
spectrum, I expected not only to detennine the distribu- 
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tiou of heat, but also to oscertnin wliutLer the heat spec- 
trum has Hxeil lines, like the luminoua and chemical ones. 

This was at a time when I first began to snspect that 
the essential (liffereiice between light and Iieat is this, 
viz., that while the vibrations nf light are tninsvtjise, 
those of heat are uormal, and its waves in that respect 
analogous to the waves of sound ; but so feeble is the 
intensity of these speetra that I could do no more than 
satisfy myself that in the diffraction specti'uni the centre 
of the yellow is i-eally the hottest space, as well as the 
most luminous. I believe that there is a cold line in the 
spectrum answering in position to the dark line II, but 
I eouUl not absr}Iutt>ly denionstratt: it. 

Nevertheless, so certain does it appear that the distri- 
bution of heat corresponds to the distribution of light, 
that I have not hesitated since that time to look u|>oii 
the centm of the yellow space as the point of maximum 
heat, from which there is a decline to each end of the 
spectmm. And I accordingly made this the basis of a 
theory of vision, published in my Treatise ou " Human 
l^hysiolugy." Such a view has the advantage of being 
sustained by many facts of comparative anatomy. It 
obliges us, it is true, to i-etnm to the opinions entertained 
of the functions of the black pigment more than a cen- 
tury ago; but then it gives a very elegant e^tplanatioti 
of the uses of the difterent parts of the i^etina, examined 
in its radial section atW the manner nf M. H. Jliiller, 
and of those of the choroid coat— stnictu res which are 
without meauiug on the ordinary theory of vision. 

UnvBUTTT ov New Yf>tK,Jiui.2^ 16S7. 



Note. — To the foregoing paragraphs I may add 
the following as contributions to the theory of vision. 
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I may nlso refer to my Treatise on " Humnn Physiology " 
(185B). 

Tliere are many rays emitted T>y tlie sun and other 
shining bodies to whicli uur eyes ai-e entirely blind. 

Two difffrcnt reasons may be alleged f<ir oiir inability 
to pei*ceive sucli rays : first, they may not be able to reach 
the retina, the media of the eye nut transmitting tliem; 
second, the i-etina may be so constituted as to be unable 
to receive their impressions. 

It has long been known that rays which come fi*om 
sheet-iron heated by a lamp cannot pass cither through 
the cornea or through the crystalline lens. Kven of 
those that are furnished by an Argaiid flame, iisihI as a 
luniiuoiis source of heat, less than oue iifth piLss through 
the cornea alone, and scarcely one fiftieth when the crys- 
talline lens is interposed. Cima showed that of the heat- 
rays emitted by a flame, less than one tenth pa&s through 
the cornea, lens, and vitreous huraor.conjointly. JaDS$en, 
using a flame, com]tared the heat transparency of the 
separate media of the eye with that of water included 
between glass plates, showing that there is a perfect 
Accurdance betweeti them if taken of e(|ual thiektiens. 
From this it is to be concluded that invisible rays to a 
certain extent reach the retina. Franz, by cai-efully con- 
ducted experiments with a thermoelectric pile, came to 
the conclusion that a quantity of obscure rays detectable 
by the thermometer can reach the i-etina, which there- 
fore must be so eouistituted as not to be able to per- 
ceive them. 

This settles the question so far as the less refrangible 
or ultra-red rays are concerned. We have then to de- 
teimine how it is with those at the opjMisite or more re- 
frangible end of the spectrum. t>o these pass through 
the media of the eye, or are they arretted and never 
i*each the ivtina I 
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I made a senes of e.\pt>nments on these ray<i, and 
found that they passed through the diffei'ent media of 
the eye, examined sej)aratt'ly, and what is mom to the 
point, through them all wjUtctively, with but little loss. 
There was uo difficulty in obtaining a dark stain on pa- 
per made sensitive with chlonde of silver, and placed at 
the hack of the eye of an ox, from which the sclerotic 
and pigment had been suitably i-emoved. In a gen* 
eral manner the media of the eye act like water on the 
transraissibility of these rays. 

Admitting from these experiments that invisible as 
wuU as visible rays jx-ach the I'eiina, we may next con- 
sider the natuie of the impression made upon it, and ai-e 
thus brought directly to an investigation of the act of 
vision. 

There are three hvpotheses to be considered: 

1. That rays falling on the retina or black pigment 
impart to those structures a lise of tenip(> ratine. This 
way be termed the calorific hypothesis. 

2. That rays falling on the retina occasion a chemical 
change or metamorphosis in its structure, implying the 
occurrence of waste in it, and therefore the necessity of 
repair. This may be termed the cheniiciil hypothesis. 

3. That rays falling on the retina throw its parts into 
a vibratory movement, not necessanly attended by any 
metnmurphciHis uf tissue, a& waves of sound oecasiun con- 
sentaneous pulsations In the auditory ap]>aratus of the 
ear. This may be termed the mechanical hypothesis. 

First, of the calorijic hifpothesis of viaimt^ Conipara- 
tive anatomy offers certtiin facts which lend plausibility 
to this hypothesis. Some of the moat rcmnrkable of 
these relate to the construction of the eyu in lower ani- 
insls. The ocelli, which consist of dark-colored or black 
spots, or black cupahaj)ed membranes containing within 
them the nidtmunt of an optic nerve, are the beginning 
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of an oi^au of vision. Tliere bein*^ no optical ap]>aratus 
for the production of images, tbe linuitious impression 
must he felt as beat. For tliis tbe dark jiigment is well 
dejiigned. It is an old physical expfrimeiit to lay upon 
tbe snow on a sunshiny winter day pieces of tliiferently 
coloi-ed cloth. Thej' will melt their way to a greater 
depth in proportion as thfir tint is deeprt"; the black, 
Heconiing the warmest, sinks decjwst; the white, reflect- 
ing nm.st of the hejit., scarcely melts tbe hiiuw at all. 
Now an animal destitute of any visnal organ can only 
be affected by tbe impi-essions of light in a very <loubt- 
fill manner; but if there be ujion its esteiior a black 
spot, not only is there a much higher seusitiveuess be* 
cause of the increased absorptive power for beat, but 
the sphere of its consciousness is greatly extendeil, from 
the possibility of acquiring a knowledge of directions in 
apace — a kn(»wledge that becomes more and more exact 
with the increasing number and symmetrical arrange- 
n)ent of these ocelli. 

If we apply these principles to a more ]>erfect form of 
eyp, as that of man, we are led to a new interpretation 
of the function of some of its parts. The black pigment 
becomes the reeeivinsr surface f«ir imnOTS of external 
things and >Ay8 fnllins; upon it, in their diversity of col- 
or, brightneii^, and >jhade, in the act of Irecoming extin- 
guished, engender heat As with the tip of the finger 
passing over an object we can discover, even in tlie dark, 
spaces that are warm and those tiiat are cool, so tbe rods 
and cones of Jacobus membrane, acting as tactile organs, 
convey to the brain a knowledge of the momentary dis- 
trilintion rif heat on the dark concave of tbe eye. The 
pigment has therefore u far more important office to dis- 
charge than that of merely extinguishing stray light and 
darkening tbe inside of the globe. 

But this calori6c hypothesis is not without great dif 
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ficulties. Heat suffers conduction. If this black pig- 
meui officiated as a transfonuer of light rays into heat 
>>y jniMliioiiig extinction, there must unavoidably be a 
lateral spread from th<! boundaries of warai to cooler 
spaces, the edges of images must be nebulous and with- 
out sharpness of contour. Moreover, there is reason to 
believe tbnt the visual apparatus cannot take cognizance 
of beat merely as such. Calm-ific rays ri>ach the black 
pigment and raise its temperature without the retina 
being affecte<I. 

Such considerations seem, therefore, to exclude the cal- 
orific hypothesis, and pi-epai'e us for an examination of 
the chemical. 

Second, uf Oie chemical hjpothesis of risimi-. Numer- 
ous discoveries made of late years in relation to the 
chemical action of light put us in pussession t>f many 
facts having a lieariiig on this hy|>othesis. A majority 
ofoomjmund substances, both inorganic and organic, sui- 
ter chemical modifications when exposed to the access of 
light, and, what is veiy significant, these changi*s are oc- 
casioned by definite classes of rays. One substance finds 
its maximum of action in the violet region, another in 
the yellow, anr»ther in the red. Tiie effect in every in- 
stance grades off towards the less and more refrangible 
spaces respectively. 

In these actions of decomposition there is nothing like 
lateral s]>rea«ling. nothing answering to conduction. No 
Iwtter pr<M>f of this is necessary than the extjuisite sharp- 
ness of photographic pictures — a sharpness only limited 
by the optical imperfections of the lens i^-ith which they 
are made. The molecules on whieh the light falls are 
the only ones that e.\penence change; there is no ]n-opn- 
gation of effect from part to part — an important particu- 
lar, because it is what we observe in the case of sight 

The I'etina, the nervous expansion of the eye, is so oon- 
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stitiiteil timt a maxtinum effect upon it is t>cca(<i(>ii(Ml by 
the yellow ray, the action decliniog on one eide to the 
I'ed, and on the other towards the violet, and ceasing 
nt the extremes of tlioM* raya For this i-eason, when a 
solar spectrimi is examined by the eye, the yellow is the 
most hrilltaiit space, there being a decline in intensity 
from it to the two extremes. 

In my experiments on the decomposition of cailionic 
acid by j)l.int8 in the sunlight, to bo descnbed lieivafter 
in these nienioii*?, the nia.\inuim of action was fonnil to 
be in the yellow, with a gradation of effect towards the 
reil and vinlet ends of the S|H;ctrnin respi'ctively. Fi-oni 
this it wonld ap|)ear that a relation exists between light 
and com]>ounds having a carbon niicleus, answeiing to 
that observed in the case of the retina of the eye. Such 
A relation is very well illusti-ated in the case of other 
chemical element.s, aa silver, a metal which is the basis 
of all ordinary photographic preparations. The ray of 
niaxinnim action is in the indigo space. Objeets vii-wed 
by a retina h.nving a silver sensitive nucleus would pre- 
sent an npjH'nrance nltogethi'r unlike tlmt they would 
offer to a cai'l>on nucleus. The order of brilliancy in 
the lights would he no longer the same. The retl and 
yellow parts of »»bjects would be black, that is to siiy, 
invisilile, and other rays beyond the violet would come 
into view. 

Among experiments I have made on this subject, 
there is one of much physiological interest. The ele- 
ment phosphorus Hnds its iitaxiinnni imjMvssion in the 
noore refrangible portion of the spectrum, in tlmt resjKMjt 
resembling silver. Upon a portion of translucent ]>hoa. 
phonis, endoseti out of cttntact of air in a flattened glass 
tube, into which it had bi*en drawn while meltt'tl, nnd 
then suffered to solidify, a solur spectrum was cast. The 
effect of light upon this kind of phusjihorus is to turn it 
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evcntiinlly to a deep raabogany rM, and chemically to 
tlirow it IVom au aclive iuto an inactive state. As amor- 
phous ]ihi>sphurus,uthetwise preparwl, it ceases to shine 
in the tlark. lu the espenmeuts now alluded to, it ajv 
peared that this redtleiiiug takes pliice in the iudigo and 
violet apace^ so that the fixed lines known by specti"©- 
scopists ns those about It wei'e beautifully ilcpicted. 
Now sonic physiologists have supposed that nerve ves- 
icle tissue owes its pi-opei ty to the presence of uno.\- 
i<lized phosphorus, but if the principles we are contem- 
plating ha correct, and thi.s were the case, tlie most brill- 
iant ray in the spectrum should \te the iudigo, and not 
the yellow. Therefore, if vision be perfonneil by chem- 
ical eiiange in the substance of the i*etina, it is carbon 
and not p[iO!^j>lior'us that is concerned. 

If we admit that during tlie act of vision the retina, 
as a structure with a carbon nueleus, undergoes meta- 
morphosis, the principles of photochemistry wt>uhl leail 
us to expect that the yellow niust be the brightest ray, 
and a hitrniony is thus established between this and 
other functional elianges in the l)ody. We also perceive 
the significance of certain structures of the eye wbicb 
otherwise would apj>ear to be without meaning. The 
rapid retrograde metanior[fh(>.sis which must be taking 
]>lace in the retina involves the provision of K^me means 
for moving away the wasted products and of supplying 
nutntion with the utmost quickness. And this is the 
office discharged by the choix)id. 

Uut such removals and supplies require time. Time, 
therefore, enters as an element in the visuid operation. 
Sight commences instantaneously, but the image of au 
oltject may be seen long after the reality has disajv 
peared. This instantaneous commencement of a j-etinal 
impression may be very strikingly illustrated. The 
spark of a Lcyden-jar, tbougli it does not last, as is aC 
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firmed, tlie niillioiith of a secouJ, cnn without any diffi- 
culty be pboUigru|)lieil eveu on so slu^isli a com]>ouuil 
as silver iuJidf. On the far more gei)i)ill\e retina tli« 
chemical impression must l»c practically contemporane- 
ous with the impinging of tlie light. 

If after the eyelids have been elosetl for some time, 
we smUIenly and steadfastly gaze at a bright object, 
and then quickly close the lids again, a [dinutnui imngu 
is perceived existing in the indefinite darkness befiu-e 
us. By degrees the image becomes less and less distinct; 
iu a minute or twu it h»s disappeared. 

The chemical hjipothesis renders a very clear explana- 
tion of this effect — an explanation that corameuds itself 
to our attention as casting light in many cases on the 
curious phenomena of apparitions: phenomena that have 
been ni>t without influence on the hiHti>ry of mankind. 

The duration and gradual extinction of the retinal 
phantums correspond to the destruction and renovation 
taking ])Iace iu the retina itself. The blood suj^ply ia 
very aniple, as arc likewise the channels for the lernuval 
of waj-te, but the operations require time to be accom- 
plisbfHl, As in maciiines contrived by man, so in natural 
oi;gans, the practical working dors not alwaya come up 
to the theoretical standard. Theoretically, as the retina 
sufl'ei's change under the incident light, the ivmoval of 
waste and nutrition should go ou in an efjual manner 
both as to time and quantity. A marvellous approach 
to the ideal peifection is att-ained, for though the action 
of light must necessarily be cumulative, that is, increas- 
ing with the continuance of exposure, object* do not 
become brighter and brighter as we look at them, but 
thfy attain their prc'destlne<l distinctness nt oua\ The 
action of the light, the removal of the waste it is occa- 
sioning, and the supply for reiiovaliou are all oontem* 
poraueously going on with an ec|ual step, or so nearly 
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» that such may be considered to be the practical 
effect 

Tnmr), of the mfioltanical hifpoth^sift of vision^ There 
ii) a gmwing l>elief among those who are cultivating 
photo-cheiiiistry that the mode of operation of a ray of 
light iu accouipli:>1iiiig cheiiiiual changes is by establish- 
ing vibratoiy movements among the molecules of the 
substance atft'ctcd. As has been affiiiiu-d. per1ia]>s fanci- 
fully, of certain singers, that they could cause a glass 
goblet to fly to piwes by a pTOjwr intonation of their 
voice, thnmgli thi^ attempt of the glass Ity resonance to 
execute incunipaltble vihratiouin, t»o it is thought that an 
incident ray may break asunder a group of molecules by 
establishing among them fliscmnlant agitations. Chem- 
ical deconijiositions by j-adiatious fjecome thus connected 
theoretically with vibrntoiy movements. 

But these are vibrations not necessarily attended by 
any destruction of tissue. Waves of soun<I occasion such 
pulsations in the apparatus of the ear without producing 
any chemical change iu tlie auditoiy nerve. 

If we consider the retina as an elastic shell, of which 
the parts arc put into a purely mechanical movement 
by the pulsations of light, we abandon witliont ex]>lann- 
tion some of the most intei'estiug {tortious of the struct- 
ure of the eye. Of what use is that wonderful net-work 
of vessels constituting the clioixiid \ It is a ]irinci]ile in 
physiology that tlie supply of blood to a part is pro]»or- 
tional to its functional activity. The elaborate vascular 
mechanism iu juxtaposition with the retina will bear no 
other inter) >i-etatiun than that that tissue is the seat of 
incessant chemical changes. 

Moreover, physical science in its present state is not 
sufficiently advamred to fntnish the means of clearly 
comprehending such purely mechanical motions exe- 
cuted by the ultimate purticles of things. We may 
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conceive of the ooniparatively alow swaying of gi*oups 
of multicules under the influence of uonnal pulsatiaus ia 
the air, but not of the dance of atoms disturbed by trans- 
vei-se vibrations in the ether. If, therefore, there were 
no arginuents of au aimtuiiiieal kind to be pi'esented 
against the admission of this hypothesis, we should be 
com])eIle<l to turn aside from it because of the inade- 
quacy of our knowledge in tracing its conditiuna to their 
applications. 

This, therefoi-e, is the conclusion at which we finally 
arrive — that vision depends on clieiuical changes, eK]>ecial- 
ly of oxidation, in the retina, and that they apj^roach in 
their natujt; those that we Hpi-ak of as phutogmphic 
There is no di^eulty in understanding bow ducb changes 
may give rise to an influence transmitted along the optic 
nerve to the brain, when we rtfflect that the oxidation 
of a few ]>articles of zinc may accomplish specific me- 
cfaanical results through mauy mites of intervening tele* 
graphic wire, producing uiechaTiicai motions as in the 
telegraph of Morse, or chemical changes as in that of 
Bain. 

Wo have remarked that n cntical study of the funo* 
tioD of vision cannot fail to lead to interesting results 
respecting the nervous system generally. Guided by 
that iTiiiark, we may perhaps profitably consider further 
the vestiges of visual impressions, and the physical ooD' 
ditions under which they disturb us or 8|Kmtaneou.sly 
obtrude themselves on our attention. 

The perception of external objects depends on the 
rays of liglit entering the eye, and converging so as to 
pi-oduce images, wliich make au impression on the retina, 
and through the optic nerve are delivered to the brain. 
The <lireetion of these influences, so far as the observer 
is eoncei-ned, is fram without to within, from the object 
to the brain. 
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But the inverse of tliia is possible. I impressions ex* 
istiiig iti th« liriiin inny take, as it wui"e, an outwaixl 
direction, and be projected or localized among external 
forms; or if tlie eyes be closed, as in sleep, or the ol> 
server lie in darkness, they will fill np the empty space 
before him with scenery of their own. 

Invci-se vision depends piimarily on the eoudition 
that former impressions, enclosed in the optic tbalami, or 
registering ganglia at the base of the brain, as.sume such 
n degree of relative intensity that they can an*cst the 
attention of the mind. The nmnient that an etpiality 
is established between the intensity of these vestiges 
and sensations contemjKjruneously receivetl fi*om the 
outer world, or that the latter are wholly e.\tingiiished, 
as in sleep, invei*8e sight occurs, presenting, as the occa- 
sions may vary, apparitions, visions, dreams. 

From the moral effect that arises, we are very liable 
to connect these with the su])ernatural. In ti'uth, how- 
ever, they are the natural resulls of the action of the 
nervous mechanism, which of necessity pi-odiices them 
whenever it is placed, either by normal or morbid or 
aitificial causes, in the ]>m]ier condition. It confounds 
the subjective and the objective together. It can act 
either diivctly, as in ordinary vision, or invei-sely, as in 
cerebnil sight, and in this respect resembles those instru- 
ments which etpially yield n musical note whether thu 
air is blown tlinnigh them or drawn in. 

The hours of sleep continually present us, in a state 
of perfect health, illusions that addiess themse1vt:!s to 
the eye rather than to any other oi^n of sense, and 
these commonly condiine into moving and acting scenes, 
a dream being truly a drama of the night. In certaia 
states of health appearances of a tike nature intrude 
themselves befoir us even in the open day, but these, 
being corrected by the realities by which they ai-e siu^ 
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rounded, impress U8 very tliffei-ently. The want of uui- 
SMiii between siidi iiimges and tlie things niuung wfjieh 
tlif")* Imve intrmUtd tlicni selves, the ftnaehrimism of thrir 
advent, or other ubvjuus incongruities, I'estmin the luind 
fiom delivering itself up to that nbsulute Imlief in tlieir 
rnality which so cunipletely possesses us in our dix'anis. 
Yet, nevertheless, such is the constitution of man, the 
bravest and t!»e wisest encounter these iictioos of their 
own organization with awe. 

The visions of an Arab merchant have ended in tinct- 
uring the daily life (»f lialf the j^eojdc »if Asia and Africa 
for a thoiDnand yeai-s. A spectre that came into the 
camp at Sardis the night before the battle of Philippi 
unnerved the heart of Brutus, and thereby put an end 
to the political system that had made the Roman re]>nl> 
lie the arbiter of the world. A phantom that ajipeared 
to Constantine strengthened his hand to that most diffi- 
cult of all the tasks of a statesman, the destruction of au 
flncii^nt faith. 

Ilullucinations are of two kinils — those seen when the 
eyes are open and those perceived when they are closed. 
To the former the designation of jipparitions, to the lat- 
ter that of visions, mav In- eriven. 

In a physiological sense, simple appantions may be 
consideird as arising fixtm disturbances or diseases of 
the retina; visions, from the traces of impressions en- 
closed at a former time in the corpora quadiigeraiiia and 
optic thalami. 

From flying specks floating before ns, the fii^st rudi- 
ments of appaiitions, it is but a step to the intercalation 
of »imple or even gnitestpie images among tlie real ob- 
jects at which we are locking; and indee<l this is the 
manner in which they always offer tliemselves, as resting 
or moving among the actually existing things. 
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Tb« method by wlitch the first photograph of the dif- 
fraction spectrum was o))tained is deacnbttd as fullows 
in tlio Philmophi&il Majjazine, Swwv^ 1845. 

The prismatic 8])ectruni, even when every pi'ecaution 
baa been used to obtain it in a state of purity, its fixed 
lines being visible, is liablu tt> lend iib into many errors. 
As respects its luminous or photic properties, we caunot 
determine the distribution or intensity of the light be- 
cause the violet extremity is uuduly dilated. As res|iecta 
the cbemical effects, the same difficulty occui-s, for these 
are necessarily controlled and distiiilK-d by tlic law of 
distribution. All chemical actions occurring i» the more 
refi-angible regions, by being spread over a great space 
appear to be more feeble than what they actually are. 

In a perfect spectmm the most Iiiminons jiortitm of the 
yellow should be in the centre; and from this the inten- 
sity of the ligiit should gradually decline, fading away 
on one side in the red, and on the other in the \nolet. 
At equal di^itauoes from the middle yellow [loiut oil 
either hand the intensity of tlie light siiould be equal. 
Thew beautiful results are due to Mo8f>tti, who also 
states that the length of the extreme red wave is to that 
of the extreme violet in the simple ratio of 2 : 1. 

The prismatic si>ectrum does not exhibit these facts. 
The yellow is not in the centre; the blue, indigo, violet 
are al)normalIy spread out, the sjwctnini having its own 
law of distribution. But the diffraction spectrum en- 
ables us to observe them. 

By the aid of a licllostat, 1 arranged horizontally in a 
dark room a narrow rililwn of light, connng through a slit 
■^ of an iitch wide, set vertically. At the distance of 
twelve feet it fell ]»er|iendicuhirly on a jiiece of flat glass, 
the surface of which was ruled with equidistant parallel 
lines by a diamond; and having l>een silvered with tin 
foil, after the manner of a mirror, it served the purpose 
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of a grating. The reflected beam went out through the 
slit at which it entered, and on either side of it to the 
right and left the well-known double aeries, of diffraction 
siiectra made their a]>|iearaucp. I selected, for the ol>vi- 
ous reason that it was not overlapped by its successor, 
the firat of the series, and iutei*ceptiug it by an achi'o- 
matic object-glass, placed in the focus a frame capable 
of holding a ground-glass or sensitive sui-taw. This 
frame was adjusted until the tixed lines were distinctly 
depicted upon iL 

For a further description of the re1iecte<l diffractiou 
^ecti'uin 1 may refer to any of the elementary works on 
optica. It is sulHcieiit for my purjwse here to recall that 
the angular deviations of any two colors from the primi- 
tive incident ray ai*e to one another as the lengths of 
theii* res]»ective undulations. 

On the ground-glass we see the fixed lines, and the 
length of waves corresponding to those lines has lioeu 
cai-efully determined by Fiaiiiibofer. The following 
table is extracted from iierseliel's treatise on Light, the 
[paris inch being divided into one hundred millions of 
e<iual parts: 

Lagth of iraro corre^nding to tho fixad lino B, 3341 porta, 

tl It •• !• II II p "l-'S " 

" " t' *' " " I>, 2175 " 

" « «• <• M u ^ UJ46 <( 

U U il •> i> M p l^^f ct 

U « II •! "4 <t Q^ I^-Jgj II 

" " " " ** " H, 1464 " 

When, therefore, we have any chemical, luminous, ther- 
mic, jihosphorogeuic, or any other eifect under discussion, 
in relation to the spectnim, we have only to determine 
its place among the fixe^l lines, remembering in the dif- 
fraction spectrum the simple law that connects the devi- 
ations and wave-lengths. In the mode of operation hei-e 
descril>ed absolute exactitude is not i^eached because our 

H 
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measures are obtained froiu a flat surface, atid nut upon 
a circular arc. 

To the diffraction speetnira tlius fomie^ I esqrosed for 
half an hour a daguerreotype plate, rendered sen^iitive 
>>y iodine and then by bmniine. It resulted that the 
bromide of silver is decomposed at a maximiun by a 
wave which is 0.00001538 of a Paris inch in length. ITie 
action does not extend equally, as we might liave sup- 
jKffied, towards the luore and less refrauj;ible i-egions. 

I exposed a silver plate which had been prepared by 
iodine, bromine, anil t-hloride of iodine successively. The 
point of maximum fell as before at O.OtKKiir>SH. The 
time of exposure one hour. The decomposition com- 
menced by a wave in the green space, the length of 
which was 0.00002007, and was terniiiiaied by one in 
the violet, the length of which was 0.00001257. The 
point of maximum action, therefore, inclined to the vio- 
let, and was not midway between the extremities of the 
photograph. The absolute length of the stain depends, 
however, on the time of exposure. 

I need not multiply these results. It is sufBctent to 
add that in several trials I obtained in tlies^e delicate ex- 
periments photogi-nphs of the diffraction spectrum on 
(lirterent surfaces in gre.it perfection. The fixed lines 
which are crowded close together were beautifully dis- 
tinctw 

I would surest, therefore, that when we wish to in- 
dicate spectrum regions with precittion, we should use 
wavedengths. By doing this we shall connect the vari- 
ous actinic phenomena with a great many of the numer- 
ical results of optics, and have fixed points of comparison. 
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■ •xpmiliim caiidoiiscd from Hupcr'i New >Ioni)ily Mocnslne, Vol. LT. 

CoKTBiTTS : — Eiemenittry degfription nf thf diffrarttoa apeflrum. — 
Yotrnff's diaeopertr 0/ intrrftrenre. — frfsntfa dtteoivrif of tranawn$ 
vH/rationt. — (jfrtitinij* and the aprftra tAeif yit{il.~OraliHf)i on rejlerl- 
injf tur/aret.-^ Optica/ aclifm oft tp^alinff. ■^ Jig gjjtvtra of dlffrrtnt 
orders. — Inlerprelalion of tcavt-lmfftf** ^ ff*f tttind. — Mental apprtei- 
ation of multij/ie wmWfwpM*. — Rrfutativn of the prineiptt that to 
fffry color ihrre btlon'}» «« inntriiifilt ttitirt-lfntflU. — [nrrta»e in tht 
rtuufe of perffptinii in tht eye. — ErtenMon to pttototfraphir, tmprfsnoHt, 
— ^Rcroachmetit on the Jirtt dark tpaee. — Pkoto<frapht of tht diffrae- 
tiOM tptelrnm. — ProjKutal to tite tcai't-lmfflha far tpfctrutn dittition*.^ 
Stplactmtnt of imagittary imponderable priMeJpttB &y teaw-lenffths. 

What \h a (liffmctioti sjvectrum? Every person wbo 
bns reaJ a liook 011 lii^Iit is tiiinilinr with tlio piisriintic 
tpectruin, in the stiuly of which ^Newton displaytrd his 
transcendent pliilosophical powers. The diftraction I 
have had occasion to refer to several times, and since it 
18 U'ss known, will now descnbe it. Some very curious 
phenomena connected with it I have personally e.vam* 
incd. It carries us to a true interpretation of the ivla- 
tions of heat, light, and actinism; it offers some impor- 
tant snggpstiniiH respecting the mode nf action of that 
moat wonderful of all orl^an^ the Viniin, and therefore 
commends itself to onr most earnest attention. 

If we look at a candl*' flame placed ten or a dozen feet 
distant, the eyelids lieing so nearly closed that the eye- 
lashes intercept the incoming rays, we see on either side 
of the true image of the flame a succession of colored 
ones — rainbow streaks or fringes, as it were. Examining 
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tbi'se |wirtifultti-Iy, we find t)mt fucli of (Im'tii is Wue on 
tbe ^ide ueai'tist to the true image, and red vn the nioii: 
distant. Our iuvestigatJou will be simplified if we cou- 
sider the action of a single eyelash. We cau theu reasou 
from that to the conjoint actiuu of all. 

It is necessary, however, in the first place, to recall 
Bonie facts coiuiectwl with the wave theory of light. 
The foundations of this theory were laid by Iliujjjhen?, 
the givat Dutch philosophei", contemporary with Ncwtou, 
but its construetion advanced very slowly, being opposeil 
by the gi"eat authority oi' Newttm, wiio favored the cor- 
puscular or emission theory, and regarded light as con- 
sisling of particles emitted with e.vcessivu veloeity from 
shiuiiiji; hmlieM. Althuu>;h there were facts, such as thotm 
connected with double ivfraction, easily accounted tbl' 
l»y the system of uiidtdations, but ine.\plic«blt; on the 
«iiiission liieory, these were put asiilf, in the e.'cpectatiou 
that they would io the c-uui'Se of time be successfully 
dealt with. It was not until the publication of a 
coui'se of lectures on iiatuml and expHriniental philos- 
ophy by Dr. Young in 1802, in which he announced the 
great discovery of the inteiference of light, that the un- 
dulatory theory could no hunger be overlooked. This 
discovery was, however, still ridiculed by the Julinfturg/i 
I{eri<fii\ and Yt)ung's explanations so iiitterly attacketl 
that he was constrained to ]>ub1ish a pamphlet in reply. 
Of this it is said that only a single copy was 8<>ld. 

In ISlit, a tiiemoir by Fi*esnel wiia cmwued by the 
French Academy of Sciences. He discovered that the 
vibratory uioveincnts in the ether constituting light are 
tninsverse to the com-se of the ray. Ilis views are em- 
bodied in what is uow known as the theory of trans- 
veree vibrations. 

The conflict between the rival theories was eventually 
eettle<l by the experiments of Fizeau and Foucault. On 
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Newton's pnncipl<*8 tlie particles of liglit should move 
iHster thmugh wat*^!* than thixjugh flir; on the theory of 
Iliiyghens, waves of light must move slower in wnter 
than ill air. The experiments of the French physicists 
proved that the latter is the cape. This may, then, 
be consiileretl as the successful estaliiishmcnt of the im* 
dulatory theory. It has, moivover, given that strik- 
ing pr(M>f of it.s truth which may he considei-ed as the 
criterion of any theoiy — the ability to foretell results. 
This it did io the case of the discovery of eoiilcal re- 
fraction. 

Light, therefore, consists in the transference of energy 
or force, not in the transference of matter. 

The grating T employed in the experiments hereinafter 
related was made for me by J[r. Saxton, at the United 
Stated Mint in I'hiladelpbia, more than thirty years ago. 
Though from the work it <lid for me I cannot hut speak 
of it with admiration — it enabled me to make the first 
photograph that was ever executed of the diffraction 
sjieetrnin — yet it was far from being e<jual to the mng- 
nificent ones of Mr. Rutherfurd. This grating was five 
eighths of an inch long and one thiiil of an inch in 
breadth. Mr Rutherfurd's gratings have in some siH-ci- 
mens 17,24i> lines to the inch. I had found previously 
to 1843 that it is more advantageous pi-actically t(> use a 
reflecting than a trnnsjmrent grating, and accordingly I 
eilvered mine with mercury-tin amalgam, »nch as is need 
in ordinary looking-glas^ses. Mr. KntheifnrdV I'eflecting 
gratings ai-e coated with pure silver, by an operation 
more recently discovered. 

I will now n^late the use of thest? grating«, and de- 
ribe some of the ini|K>rtant discoveries made by them. 
Let a beam of light,S A', Fig. 11, pass through a nar- 
i-ow slit, S, and fall peipendicularly on the ruletl grating, 
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G, the lines of wliieli are parallel to the sides of the slit. 
CuiiL-eiitric with th« middle Hue of the grating lot thej*e 
be placed a circidnr zone or scr«ien, Q', Q'\ Q'", Q"", of 
white paper, through which thwe is un opening at A, to 
admit the introniitted liejini. 

A beam of parallel rays passing along S G will give a 
bright image of the »lit S when it impinges on the screen 
at A'. This is the image by transmission. It would 
also give another similar image at A, were it not for the 
opening arranged there. Tliis is the image by reflection. 
Afso from G, as from a central axis, there falls u]x>n the 
cylindrical pai)er zone, covering its surface all over, au 
infinite number of radiations. 

These effects are seen with much more precision if 



MioioiR Vlt] STUDIES IN THE DIKFKACTION SI'WTtttaL Hi* 

there he placed bt'liliul tlic grating a convex lens, or, still 
better, if the lens be the ohjecti\-e of a telescoi>e. 

Now the eye can only be impressed by special radia- 
^ons consiatiijg of wavus of ft ileterniirmte length. It-s 
vidion is limited to those that impart tu it a sensation of 
red on one hand, and of violet on the other. To all oth- 
ere it is blind. Then, though the whole paper zone is 
receiving radiations of every kind, the eye selects ont 
only those tliat it can pci-ceive, and, as a rtwult, st^es in 
the four quadrants^ Q', Q",Q"', Q"", tbo&e only tor which 
it is fitted. 

It follows, therefore, that at A' there is a white image 
of the slit S, and to the right and Itsfb of this there aiv 
equal spaces, p,y, completely dark. Beyond, and syra- 
metncally on each side, there is a series of specti'a, v i\ 
1/ /, v" /', etc., (jf which the violet ends ai-e nearest A', 
and the 1^ ends most distant. These f^pcctra are des- 
ignated resjiectively as being of the 1st, 2d, 3d, ut«., order. 
On each side the Ut sjiectruni is sepambed from the 2d 
by an obscure space, r v\ which is shorter than the first 
dark spaces, j5,jr/, and the red end of the 2d sptn^truni is 
ov*;rlappe<i by the violet of the 3d. In like manner the 
3d is oveHflppt:'*! by the 4th, etc. If the intromittetl ray 
be of sunlight, and a convex lens or small telt^sc<)j)e b« 
ti66d,t)ie dark Fraunhofer lines are seen in these spectra. 

Bach are the results seen in the quadrants Q'", Q"", 
from the light transmitted thTough the grating. In the 
quadrants Q', Q", exactly the same train of phenomena 
will be discovei*etl — dark sprnjcn and spectra, the latter 
having their violet ends nearest to A, and the overlap- 
ping of successive ones taking place in the manner aboyt; 
described. 

Since the ix>sults are thus symmi^trical in all the four 
quailrants, it is sufficient to select one of them for de> 
tailed examination. Let it be the quadrant Q"". 
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Selecting one of tlie fixed lines, that in tlie yellow 
fljmee, tlie sodium line D, for cxaniplc, in tlie successive 
sjjectrft, it will be found that the distance which inter- 
venes between it and the middle of the white image A' 
is in the second double, in tlie third triple, etc., the dis- 
tance it is in the fii'^t. These angular (liNtnnce-s ai'e des- 
ignated as the deviations of the i-ay under examination. 
Fraimhofer proved that 

(1) The deviation of the same ray, ^.^., D, de|K;nds on 
the sum of the width of a groove in the grating and of a 
transparent interval, being in the inverse ratio of that 
sum. 

(2) The deviation of any one of the colors of the spec- 
trum of the first order, niultijilied by the sum of a trans- 
]»anMit Interval and a groove, gives the length of a wave 
of light of that color. 

(8) The deviations of the same color in the successive 
spectra increase as the whole numbers 1, 2, 3, 4, eUx 

(4) The deviations of two coloi-s in the same spectrum 
ai-e to each other as the length of their undulations. 
Hence in all the violet is nearest to A', and the red the 
most distant 

The undulatoiy theory gives a rigorous exjilanation 
of all these facts. The lengths of the waves of light 
have heuce beeu most critically and accui-ately dete^ 
mined. 

We may now e-Kamine more closely the spectrum that 
18 nearest to A' — the spectnnn of the first order. Be- 
ing completely separated fi^m the othei's, it presents the 
B|>ecial facts most distinctly. At the point where the 
light first iM^comes visible, the violet or inner end of this 
spectrum, the wave-length of the ineident radiation is, aa 
Angsti-uni has proved, .'193.'^, and the wavelength of the 
last visible radiation at the outer or i-ed end is 7604, 
ten milliontlis of a millimeter. If we accept the velocity 
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of light as determined hy tlie exiienmonta of Foucaiilt, 
the number of vibrations made by the ether in the for- 
mer of tliese radiations is 754 millions of millions in one 
second, and tlie niimlter in the latter case is 392 millions 
uf millions in une fecund. 

Or, to quote measures which are perhaps more familiar, 
and numbers as given by llerscliel, thnu^li not 80 e:cact 
as those of Anprstrdin. the number of undulations c*^n- 
t«irie<l iu one English JiicJi at the extreme violet end is 
69,750, and the nuinlier of vibrations executed in one 
second is 727,0OO,Ul)O,O(K),(K)0. The numl>er of undu- 
lations in one Knglish inch at the extreme red end is 
87,()4'1, the number of vibrations executetl thei-e in one 
second being 4:18,000.000,(1(10,0"^. The velocity oflight 
used in these computations is 192,000 miles per second, 
that useil in the preceilinp; ]>ara_i:^raph. 186,000, 

Knowing the rate at which light moves in a second, 
and the wave-length of any particular color, it is easy to 
conipnte tlie number of vibrations made by the ether 
in one second for the production of that color. This 
is obtained by dividing the distance that light passes 
over in one second by the wavelength of the color in 
question. 

The numbers we thus obtain give us an idea of the 
scale of space and time upon which Natuiv cames for- 
wai-d her works among the particles of matter. They 
also indicate to us the amazing activity of those portions 
of the brain which execute motions in accordance with 
those scales. 



The distribution of the colored fi]>acefl in the diffrac- 
tion spectrum is not the same as in the prismatic. In 
the former the yellow space, which is the most luminous 
radiation, is in the middle of the spectrum, and is not 
crowded down or corapi*essed towai-ds the red end, as in 
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tbe latter. So the maximum intensity or illuminating 
power is, as Mosotti first observctl, in the ct;nti*e, tbe iit* 
tensity of the ligbt tltwliiiing synmietrioany on each side 
to the en J. 

Th(j Italians have a. clear perception, a quick apprecia- 
tion of the symmtitrical anil beautiful. When Mosotti 
first stat«il this peculiarity of the diffraotiou spectrum, at 
a meeting of one of the Italian seietitilic societies, the au- 
nouu(H;nutnt wtu received by the audience with loud ac- 
clamations of joy. 

1 may now <lescribe some of my own studies of these 
beautiful spectra. 

Recalling, then, the principle that the wave-length of 
an incident radiation is proportional to its deviiition, let 
us select ujwn the paper zone previously described the 
point where a ray is falling having a wavelength 7866. 
It is, of course, twice as fai* fi'Drii A' as wjls the violet 
end of the 6rst spectnim, for the selected deviation is 
double. If we inquire what interpretation the mind 
will give of a radiation having such a wave-lengtii, an 
inspection of the zune shuws that not only is it visible, 
but that it is regarded as being of a violet color, 

This is an iui|>ortant fact. We ilnd that a radiation 
consisting of waves of a given length which is visible 
will also be visible when the constituent waves are twice 
that length. And in like manner it might be shown 
that the same will hold good when they are three, four, 
five, etc., times that length. Moreover, in all these cases 
the color impix;:ssion imparted to the mind will be the 
same. 

Again, let as select upon the paper zone another point 
where the wave-length is 13,208. It will have double 
the deviation of the re<l end of the fii*st sj»ectruin. Now, 
agreeably to the foregoing remarks, this point should be 
visible to the eye, and, for anything that has thus far 
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be^n sail], it eliould be interpreted by the mind as j^l 
light, its wave-length being twice that of the red of tlie 
fli-st 9j>ectruiu. But it is ubvious that here a new cod- 
Bideratiou nuiist enter into aceouiiL If thiK ratliation 
has double the wave-leugtb of the fii-st red, it has tiiple 
the wave-length of the first yelloH-green. Ou the prin* 
ciple just laid down, the mind may interpret it as ivd 
light or as yellow-grceu. Which will it do? 

Examination of tiie jjaper zone, ur, l»ettcr still, throngh 
a telescope, shows that the mind adopts both the^ in- 
srpi'etations, and the same principle applying to other 
wave-lengths, this coustituteH what we have 8jMiken of 
as the overlapping of the second i^jwctruni by the tliiitl, 
etc. At the point here si)ecittlly considered, both red 
and yellow-green light are seen. 

Fi*ora what has here been prpsented. it follows that 
the principle considered as established in optica that 
to every color there l>elongs a determinate wave-length, 
must be modiBeil, sinee the same color impression will 
be givi'ii to the iniml by waves that have twice, thrice, 
3t&, tliat determinate wavelength. But should the 
wave* lengths under consideration answer to multiples 
of that of some other color, the mind will lutei-pret them 
^As being of that color too. 

Moreover, these observations lead us to extend the 
range of perception of the eye. The prism would lead 
us to infer that it can only be afl'ected by waves the 
length of which is between 3933 and 7 1)04. Compari- 
sons have hence been drawn belwwMi the organ of vision 
and the oigun of hearing, to the disparagement of the 
former. The ear, it is said, can embrace a range of sev- 
eral octaves, but the eye is influenced by less than one. 
The grating, however, leads us to reject the ivstrietion, 
and to place the eye more nearly on nil eiiuality with 
the ear. 
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It is ftlso to be borne in mind tlmt I)y usiug very oon- 
ileused sunllsjht, or by resorting to fluortiscent or other 
optical cuntnvances, af* sevfral experimenters have done, 
the range of vision may be earned beyond the ]>n)per 
violet limit 

The principles here indicated must not be restricted 
to the luniinoim rjitliations; they aj^ply to all othei-« too. 
Thus if a pliotographic sensitive 8iii*face be made to i-e- 
ceive the first apectrutn, it will be impressed by certain 
of its radiations, chiefly by tliose above the line G. If 
it be exposed in tlie second, third, etc., spectra, it will 
again be impressed by the corresponding undulations, 
having two, three, etc., times the former length. From 
this it may, thei*efore, be infen-ed that a chemical decom- 
position of a given sulistance, brought abont by undiilsr 
tioHJi of a certain length, will also bo accon)}dished by 
radiations that are octaves of the first. 



It has been stated that a ilark Bpace,7>. intervenes be- 
tween the violet end of the fii-st spectrum and the bright 
Btpenk A'. Tliis dark space is at present an attractive 
and wondeiful field of ojHical investigation. 



A' 



Pfl- It. 

In Fig. 19, let A' represent the white streak in the 
position of A' in Fig. 11 ; then from A' to v is the first 
dark space, />; from tJ to ;*, the spectrum of the first oi-der, 
its violet end, v, nearest to A', its rtMl end, r, more dis- 
tant ; from r to v' the second dark H]>ace ; and fi*om i/ 
tor' the speetnim of the second order. The thir<l spec- 
trum ovcrlaj)s this second, and the fourth the thiixl, etc. ; 
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but tbese it U not necessiiry to consider. The tuo dark 
spaces, and especially the first, are the objects maiuly to 
V>e exaniiiieid. 

Previously t<) 1S44 I had attempted to obtain diffrac- 
tion plioti>gi-a])lis with the gnUing that Mi-. Saxton gave 
me, and had met with great success. In that year I 
published engravings of th«m, tlie originals having beeu 
made on silver daguerreotype tablets, in use at that time. 
By these I canied spectrum iaiin-essions as far as tho 
wave-length ^800, and therefore enci'oached considerably 
on the dark space p, towards iV. But collodion, since 
intixiducfd, is a murli moi*e sensitive prcparatiuu. It 
has enabled Ib'iiiy Draper, who has pruduced superb 
photographs of the more refrangible regions, to caiTy 
tlu! impressions as far as 3032. 

Accui-ding to M. Mascarl, waves are emitted by iucan* 
descent cadmium having a lengtti not e.vceediiig 2200. 
Tbese stand still further in the dark spacwja. 

lu these excursions into the dark spacv the expei-i- 
ments of Professor Stokes on the hmg specli-um of elec- 
tric light become not only intei*esting, but very impor- 
tant; for as we gradually approach A', the wave-length 
of the incident radiation is coiitinnally diminishing, and 
at A' it bewunes zeitj. That jmint i.s the supreme limit, 
beyond which nu radiant manifestation of any kiud is 
possible. 

The goal towaMs which experiiuentaj investigation is 
tending is tliei-etbre obvious. We are giadually gi^ping 
the way acivtss the dark space, and expect one day to 
reach tho bright streak that lies at its terminus. At 
every step of advance the ether waves are becoming 
shorter and slmrter, and the vibrations more and more 
rapid. Wlu-n the journey is accomplisheil, a ivgiun will 
have been gained in which the waves are iutiuitely short, 
and. the vibrations iutinitely rapid. 
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Several years before the announcement of the discov- 
ery of photography by Daguerre and Tallwt (1839) I 
had made use of that pnx.tfss for the purj)ose of ascer- 
taining whether the sn-callyd chemical rays exhibited 
intei-fercnoe, and in 18.ST published the results in the 
Journal of the Franklin luRtituto, Philadt*l]>hin (July, 
18^17, p. 45). In tliis, as will be seen by consulting that 
publication, I was successful. 

Encouragtid >)y this i-esult^ I some years subsequently 
attempted to photograpli the di^raction spectrum itt-elf. 

The following is an extract from the piiblicjition I 
made of this experiment in 1844: "Thi*ongh a narrow 
fiesure or slit, a. Fig. 13, 1 direct a bwim of light hori- 
zontally, and at a distance of twelve feet receive it on a 
grating, A c, the lines of whicli atv. parallel to the slit. 
Having found that there are advantages in using a re- 
flecting grating, I silvered this with tin amalgam, which 
copies the ruling perfectly. There U no difliculty ia 
placing ff c so that the ray coming from a falls perpen- 
dicularly on it, for all that is re<iuired is to move the 
grating into such a position that the light, aft^r reflection 
from it, goes bivck through the fissui-e a. At a distance 
from h c oi 
six inches 1 | 

place an nch- U 

romatic ob- I 
ject -glass, d, I 
in 8ueh a po- 
sition that it 

shall receive perpendicularly the reflected rays of the 
fipectmm of the first onler. The lens is bnnight as near 
to the gi-ating as possible without its edge intercepting 
the ray coming fiom a. In the focus of this lens, at f /, 
a ground glass is placed. This portion of the apparatus 
is, however, nothing more than the sliding part of a com- 
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mon pbotogT-apI]i<: camcrn, wbich contains the ground 
glass and shields for sensitive preparations," 

In tlie i>iib]ifation above referred to I gave engravings 
of the i*esiilts thus obtained; the fixed lines wei-e marked 
by their wave-lengths. The photographs were very elear 
And beautiful; they bore magnifying six or eight times 
without injury to their sharpness. 

I may here be permitted to add that it was on the 
publication of these researches in 1844 that I first made 
the suggestion to describe ejipctniin effects by wave- 
lengths, or what, perhaps, is still better, by ether vibra- 
tions — a method now generally adopted. 1 may give 
the following extracts : 

" In the earlier discussions of the chemical effects of 
liglit, the different regions uf the spectrum were marked 
out by the designations of the different coloi-cd rnys, and 
effects wci'e describetl as taking place in the red or yel- 
low or violet regions respectively. An imprnve<l plan 
was proi>osed by Herschel, and followed by him in his 
various wntings. It consists essentially in dividing tlie 
space which exists between the reil and yellow ray as 
insulated by cobalt blue glass into 13.3(1 (mrts, taking 
the centre of the yellow rny as the zero point, and 
continuing the divisions ecpially into the more and h«s 
refransible rearions. 

'*Over these methods the use of the fixed lines pos- 
sesses very great advantages, inasmuch as we make i-efer- 
ence to actually visible points existing in the xiK-ctnim. 

"It has been stated tluitthe deviations of the different 
fixed lines in the ditfraction spectnmi are proportional 
to the lengths of the undnlatiuiis wliieh they resjH-ctive- 
]y ivpresent. By designating the different points of the 
spectrum by their wave-lengths, the subdivision may be 
canied to any degi-ee of minuteness, the measures of one 
author will compare with those of another, and the dif- 
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ferent plienumeim of cbeiiiical cliaiiges occurring tlirough 
the agency of light become at once allied to a multituiie 
of other optical results. If it were necessaiy, by a very 
simple arithmetical process we could deteriuiue the uuiu* 
ber of vibratious executed by a ray biiuging about a 
given decomposition in billionths of a second. The 
fixe<l lines used in this way enable us at once to divide 
the difiVaction spectnuii into any number of |>a)t!«, and, 
by comparing' wave-length:* and tlie velocity of ligbt, to 
iudieate etVects either iu spact; or in time.^' 

The diflVaction spectrum, as we have aeen, differs 
strikingly from tiie i>risniatiu in the arrangement of its 
ccloi^d spaces. In the latter, the less refrangible parts 
are conqn'essed more an<I luure in proportion as their 
ivfrangibility is less. Now there is reason to believe 
that in the former the colored spaces ai-e equally warm, 
though so feeble is the calorlHc effect that all attempts 
at the direct measurement of the heat have proved 
unsntisfactoiy. 1 fii*st made such attemjits with very 
delicate thermo-electric apparatus^ biit could not obtaiu 
sufficiently striking results. Admitting, however, that 
every ray, inx'spective of its color, in the act of extinc- 
tion will generate the same amount of heat, it necessarily 
follows that in the prismatic spectrum the heat should 
ajipear to increase sti^adily from the more to the less 
refrangible end, because in it the compression of the 
coloretl spaces ia becoming greater and gi-eater, and this 
is what is actually observed. 

These considerations respecting the distribution of 
heat in the spectrum lead naturally to the exannnatioa 
of a much more comprehensive problem — indeed, one of 
the most iui|x>rtaiit problems that science presents — viz., 
the constitution of the sunbeam. 



Until the time of Newton it was universally admitted 
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that light 18 a pure \indecom|iosable eWnientary jinnciple. 
He showed that this eouclusion must be modified. Ko 
one, except Leibnitz, in tliose days, and no one for a long 
time subsequently, discerned the oniinons import of t lit* 
discovencs of this Piince of geometers. Of his detec- 
tion of the origin of Kepler's laws, and its necessarj" 

isequence of the mode in which the government of 
'^the universe is conducUMl. I have nothing here to say. 
r^et UH bee huw it was with his discoveries conceroiiig 
light 

His interpretation of the expcnment he made in the 
I** dark clianibei" \\as this, that light is not an undecora- 
lie eWnieiit, as was at that time supposed, but that 
in reality it consists of not fewer than seven diflVi'ent 
constituents, recognizable by their color. These, if mixed 
in any manner togt-tlier, whether Ijy grinding tinted pig- 
ments or revolving parti -colored sectors, or converging 
the spectrum through a convex lens, would, by their 
union, produce wliite light. His felicitous experiment 
with the two reversed prisms silencetl the carping critics 
of that day, who had declared that the colored tints 
with which be was working had no such origin as he 
aflinned — in difference of r('frangil>ility — but were anal- 
ogous to tlie iridesoent play (if light on a pigeon^s breast, 
or the more gorgeous lustre of a peacock's tail. It cost 
only a short struggle, and the theory of the compoeito 
nature of light made go<Ml its gi-oiind. 

When, therefore, Herschel, in his examination of the 
Bun^s surface tlirough croloiwl glassi's.r^iue to the conclu- 
sion that the heat emitted by the sun is essentially and 
intrinsically distinct fi-om the light, and that these ele- 
ments may be parted fixim each other by refraction, he 
did no more than develup the princijile that had Ix'en 
announced by Newton; and when, at a later period, 
Melloni extended these researches, and it was universal- 
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ly aUniitted that there are beat rays which, like light 
rays, hare vaiioua ret'rangibilities, this cuticluBion was 
quite accordant with Newton^s results. Heat was con- 
sidered as existing in the solar beam independent and 
irrespective of light In fact, the one might be easily 
separated from the other. 

When, again, the Swedish chemist Scheele, inveatigat- 
iug the chemical action of light, showetl that there are 
rays invisible to the eye, and of greatei* refrangibility 
than the violet, which can produce the decomj^sition 
of certain componnds of silver, these were considered to 
be an additional element^ and ]>asseii under the designa- 
tion of chemical rays, deoxidizing rays, etc. Treated of 
Ml the works of physics of those limes as imponderable 
lK)dies, there seemed to be no necessary limit to their 
number. Moi-e than half a hundred ponderable sulj- 
stances were known. Why, then, should there not be 
as many of these imponderable ones! This was the 
view universally entcrtnined at the time I begnu the 
experimental study of radiations. For such as arc con- 
cerned in producing chemical changes I suggested a 
special designation, which, however, did not find accept- 
ance: the inapprojn-iate and unmeaning appellation, ao 
tinic rays, was preferred. 

Meantime, however, the uudulatorj' theory of light 
had been steadily making its way. It ^vas exhibiting 
all the aspect of a great phy^*ic(d truth. In nut only 
rendering an explanation of known fiict.«, but also in 
predicting the occurrence of other facts previously un- 
known. Pei-sons who were in the fwnt of the scientific 
movement in this din'otion had thus their attentiim 
forcibly drawn to a contemplation of the whole subject 
from this new point of view. They very soon pei-ceived 
that from it bonds of interconnection between Aicta 
hitherto supposed to be isolated might be discerned j 
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things that were ftiignieutary and confused spontaneous- 
ly fell into au orderly arranguinent 

While the theory of optics was making this jpreat 
advance, another important science, physiology, was pre- 
senting a similar development It was cnstiug off the 
Vital Force of the older medical authons, and acknowl- 
edging the dominion of chemical and physical forces. 
It had become phiin that the intei-jiretation of many 
phenomena, as liitlierto received, must be changed. 

We may appai-ently have heat without light, and 
light withont heat In the darkest room wa cannot 
perceive vessels filled with boiling water, yet the warmth 
we experience on appi-oaching them assures us that they 
are emitting radiations. Is not this heat withont light J 
If we stand in the rays of the full moon, we cannot de- 
tect any increase of temperature. Is this not light with- 
out heat? It is true that in this latter instance we are 
mistaken as t«) the fact; but overlooking that — for the 
heat to be detected in the moonbeams requires the most 
sensitive apparatus — ^do not such observations assure us 
that heat and liglit ai-e independent of each other-, phys- 
ical principles having an existence separate from each 
oilier i 

Such were some of the arguments on which was sus- 
tained the hy]>othesi8 of the intrinsic difference of light 
and heat. In this, no aeoount was taken of the optical 
functions of the eye. Qualities were incorrectly attrib- 
utc*! to radiations whicii, in truth, were due to peculiari- 
ties in the oi-gau of vision. 

The ^at service which the diffrection spectrum has 
rendered to science is the abolishment of all these im- 
aginary independent existences — heat, light, actinism, 
etc. — and the substitution for them of the simpler con- 
ception of vibratory motions in the ether. The only 
difTerenoe existing among the radiations that issue frem 
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a grating, in the manncp we have been describing, is in 
their wave-lengths, or what comes to the same thing, in 
their times of vibration. The diversity of effects pi-o- 
dueed depends on the quality of the surface on which 
they fall. If on a dark surface, and the more so in pro- 
portion to its blackness, they eugender heat; if on the 
retina, they are interpreted by the tnind as light; if on 
photographic preparations, they produce deeuiuposilions, 
designated actink effects. 

Heat, light, actinism, are, then, not natxiral principles 
existing inilependently of each other, hut effects arising 
in bodies fi-om the reception of motions iu the ether, 
motions wliicb diftyp from ejieh other in their rapidity. 
Of those that the eye can take cognizance of, the most 
rapid impart to the mind the sensation of violet light, 
the slowest the sensation of red, and intermeLliate ones 
the intennediate optical tints. Colore, like light itself, 
are nothing existing exteriorly. They are merely mental 
interpretations of modes of motion in the ether, and in 
this they represent musical sounds, which exist only aa 
inte)i)retatious by the mind of waves iu the air. 
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MEMOIR VIII. 

OK THE PnoSPHOUBSCEXCE OP BODIES. 

TtaHi ihe PhUoMpbical Migaiinc, Feb., tSAI ; Htrptrt't N«w HonilUr MacAtine, 

Xa. SZo. 

CoxTBifTfl : — Earbf oluteri-aliont on phoaphorfartner. — T^r diamond. — 
Duration of ghatlotft. — LcMtrif'a tfttory. — Du Fatf't tfimrif. — Q»aH- 
lira of diamond and fluor^ftar. — Thr rotamf o/a photpkoretemt hadtf 
dota not chan^ during itt fftoie. — A itruelural chttupt aceompiinifJi the 
p/iogph'ireacence of bodit* ; then it a minulf Jttrttffo^mfnt vf heul. — 
fhospkortttfnc* ■'« not commUHicatde. — Abtolule guaHtily of liifKt 
emitted. 

TiiEKK are fioine surfaces on which if a shadow falls, it 
can be liroiight into view a, lung time .siihuecjueiitly. 

A belief in the existence of the oarbuucle, a stone 
supposed to have tlie property of shiuing in the dark, 
iippears to Imvtj been ciin^nt from the very iufuuey 
of chemistiy. It gave rise to many legends among the 
alchemists, and early travellers relate marvellous stories 
respecting self-shining mountains and gems. Tims it 
was said that the King of Pegu wore a carbuncle so 
brilliant that if any of his subjects looked upon him in 
the dark, his countenance seemed as though it was irra- 
<ii.ited by thu sun, and thnt in a certain part of North 
America there was a nionntniii which illuniinaicd the 
countiy for man)' miles, and served by its rays to guide 
the Indians at night. The story seems to indicate that 
the locality of this \vonder was somewhere in the west- 
ern paii; of Pennsylvania. Mr. Boyle relates that a gov- 
eiuor of one of the Ameiican colonies imparted this fact 
to him at a time when he was charged with the superin* 
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teiiilencc of those important settlements, and timt an ex- 
pedition had been despatched to ascertain the facts cor- 
rectly. It saw tlie Bhitiing ivoudei' froiu afar, but the 
light iliininitihed as tliu place wils approacht'd, and W 
coming at length invisible, the locality could not be 
determined with certainty. 

These It^g^ends had foi' some time been passing into 
discredit, when Vincenzio Cascariola, a cobbler of Bolog- 
na iu Italy, who had abandoned the mending of shoea 
for the purpose of finding the philosopher's stoue, discov- 
ered his celebrated phosphorus, the Bologuiau stoue, or, 
as it was then designated, sun-stone (JojUii aakivis). He 
had seduced himself Jntn the expectation that a heavy 
mineral he had met with — barium sulphate — contained 
silver, aud in an attemj)t to melt out tliat preci<ms metal 
was astonished to see tlint thu burned substance shone 
like an ignited coal in the dark. This was in the jear 
160ii. 

Some time afterwards a Saxon of the name of Biddwin 
cc-nceived the idea of obtaining the soul of the world by 
distilling in a retort chalk which had i)een dissolved iu 
aqua forlis. In this extraordinary pui-suit accident led 
Iiim to observe tliat the substance he was working with 
possissed the (juality of shining in the dark after it had 
been expose*! to the light of the sun. The alchemist 
Kunckel, who relates the incident, tells os with gravity 
how he stole a piecu of (his substance on the oeaision of 
a visit he made to Baldwin one night when that adept 
was trj'ing to make his phosphorus shine by the light 
absorbed from a caudle, and also fi-om its image reflect- 
etl by a concave mirror. In consequence of this theft, 
Kunckel succeeded in discovering what the substance 
was, and made known the method of its preparation. 

The sjiecial condition under wliich these preparations 
shine in the dark was vei-y quickly detected. Isidore, 
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of Seville, S|ii'akiiig of the 'Miglitnmg-stone," says, "Si 
8ub divo positiis fuerit fiilgorem ru|iit sidereuui." Thut 
condition is previous exposure to light. 

The discovery of the eleuientury subatance now known 
as pliosi)honis drew the attention of the cultivators of 
natural science to this sint,nilar pi-operty, and under the 
names of sun-stones, light magnets, noctilucas, etc, vari- 
ous shining hwlies were intioducej. But thu fii-st truly 
scientific exaniination of the suly^'ct was made by Boyle, 
on the occasion of observing that a certain diamond be- 
longing to Mr. Clayton, and subsiHjxiently purchased by 
Charles II., emitted light in the dark. Though he does 
not seem to have been aware of it, the fact itself was not 
new, for the alchemist Albertus Magnus says in the thir- 
teenth century that he had seen a diamond which glowed 
when it was j>nt into warm water. A diamond rubbed 
upon gold beeomej* beautifully luminous; as Bernouilli 
remarks, it chines like a burning coal excited by the bel- 
lows. 

A diamond nibbed upon gold emitting light! the 
imaginary or intrinsic value of the substances employed 
adds to tiie glory of the plienomenon. A light, too, that 
cannot be e.\tiuguished by water, and yet so etherwd and 
pure that it can set nothing on fire. Here certainly were 
facts of interest enough to excite the philosophei-s of the 
last century. 

The chief points ascertained by Boyle respecting the 
diamond were that it shone bv fiicticm with vanous 
bodies, and at the mme time displayed electrical devel- 
opment; that it also glowed when warmed by a candle, 
the lire, a hot iron, or even when placed on the skin. 
Under the latter cireumstaiiceB it exhibited no electricity, 
being iinable to attract a hair held near to It. lie also 
found that it would sliine under water, various acid or 
alkaline liquids, or when covered with salix-a, and that 
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the glow was iDci*eased wbea the gem was put into hot 

WftttT. 

Tliese results led to tlic conclusion that thoH^h under 
ceitain circumstaucea the light ^vas accompanitMl )iy elec- 
trical developnietit, as wlien friction had Ikhju used, thei-e 
was no necessary connection between the two pittjwrties. 
The gem would sUiue without the least trace of att^ac^ 
ive power. 

(Among sulistances endowed with this property, one 
of the best was discovered ahout a century ago by Can- 
ton. Still knowa as Canton's phosphorus, it is easily 
nindc by burning oyster-sliells in an open fire until they 
have become white; then, having pulverized theoi with 
about a rpiniler of their weight of ilowera of sulpliur, 
they are once mom brought to a dull red heat ia a cru- 
cible. This completes the pi-eparation. A convenient 
mode of u^iing the substance is to pi-ovide a piece of tin 
plate two or three inche?) square, brusli over one side of 
it with gum or glue water, then dust upon it fiom a fine 
sieve some of the powdered phosphorus. In this manner 
a uniform white surface is procured, well adapted for 
experiments. 

If on such a suiface a key or other opaque object be 
laid, and it then be exposed for a moment to daylight, 
on caiTying it into a dark i-oom and removing the key, 
a spectra! shadow will be seen, depicted in black, and its 
contour marked out Viy the brilliantly glowing phos- 
phorus suri-ounding it. After continuing to shine for 
some minutes, the light gradually fades, and finall}' W 
comes extinct If, this having been accomplished, the 
phosphorized plate be put away in a box or drawer 
where not a ray of light can reach it, and kept therein 
for days or even weeks, on exposing it in a dark room, 
on a plate of warm metal, the phantom shadow nnll 
emerge, perhaps eveu more strongly than at first 
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A wondfiftil ex|)tu'iiuent, truly. Shaduws, tlien, ar« 
not such Aiieting, such fugitive tliiugs as poets say. 
They may bury tlieniselves ia stouy substances, and be 
made to coiuf lurtb at our plesisuix*. 

The perslsttjuce of such surface pliantoins may bt* strik- 
ingly illustrated by a wimplt! experiment in which light 
is not (xmcerned. If on a cold ]>olished metal, as a new 
razor, an object such as a small coin be laid, and the 
metal be tbeu breathed upon, and when the moisture 
has had time to disappear, the coin be thrown off, though 
now the most critical inspection of the polished surface 
can discover no trace of any form, if we breatiie once 
more upon it a spectral image of the coin comes plainly 
into view. And this may be done again and again. 
Nay, more, if the i-azor be put cai-efully aside where noth> 
ing can deteriorate its surtace, and be so kept for many 
months, on b^alhiug again upon it the shadowy form 
emeiges.) 

Early in the last century two hypotheses were inti-o- 
dueed for the explanation of the various cases of phos- 
pboi"escence : 

1. That phosphorescent >»odie8 act like sponges to 
light, absorbing it, and retaining it by so feeble a ]>ower 
that very trivial causes suffice for its extrication. Tliis 
was the view of Le'mery, and was published in 17l»9. 

2. That phosjdiore.scence arises from an actual combus- 
tion takinir place in the 8ul]ilinreou8 parts of the glow- 
ing body. It is to be remembered that sulphur iigured 
laiijely in the chemistry of those days. This was the 
hypothesis of Du Fay. 

To this celebrated electrician we owe a very able in- 
vestigation of the phosphoivscence of various bodies, and 
€!Sj)ecially of the diamond. He i-ecognized the fact, over- 
looked by Boyle, that the gem must first be ex|K>8ed to 
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the liglit; and then, when taken into a dark place, it 
ehines tor a time, the light giadually tadiug away. But 
the glow can be re-estahlishwl by raiaing the tempera- 
ture, and an exposure of a single second to the suu is 
quite enough to couimeuce the piocfss. 

To recognize feeble degrees of luminosity, it i« neces- 
sary for the observer to remain iu the dtirk until the 
pupil of the eye is ignite dilated, and the im]>re8sion of 
light to which the retina has been exposed is worn off. 
Du Fay gives a singular but very serviceable pmetieal 
process. He recommends the experimentt-r to keep one 
eye bound up or closed for t}ie purjiose of observing in 
the dark, and to use tlie other in conducting his process- 
es in the light. He I'emarks the curious tact that the 
eye which lias been shut will not have the delicacy of 
its indications affected by that which has been e:cposed 
to the light. 

In this manner Du Fay found that of four bundled 
yellow diamonds all were ]>hosphorescent ; but some 
that were white or i*ose-colored or blue or gi'cen wei*e 
not Nor was there any externiil indication by which 
it could be told whether any given one of these kinds 
would shine. He discoveivd, too, that th*- glow took 
place under various -colored media, as stained -glass, 
water, milk, but not under ink. He also made attempts 
to compel the gem to preserve its light by enveloping it 
in opatpju media, sueh as ink, black wax, etc., under the 
idea that the light could not get out, and coucludeil that 
he had ])artially succeeded, because iu some instances the 
diamonds would shine after being so shut up for six or 
twulvB houj-s. He verified Boyle's fact on the effects of 
hot water and heating generally, and carrietl his tern- 
peratuivs to far higher degi-ees, even above a white heat, 
fiudiu!; that the stone bad lost none of its qualities, lur 
ic would take light again when it was cold on a momen- 
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tary exiwsiire to tlie sun. He also investigated how far 
the glow was connected with electrical i-elations, and 
Boowed its i>e!fect independence. He also greatly in- 
creased the list of j»hosphoi-i, asserting that, so far from 
the qiiulity being a peeuliarity of the Bulognian stone, 
Baldwiirs compound^ the diamond, all solid suhstaiiees 
except the metals, are jthosphorescent when rightly treat- 
e<l, and even these he believed would eventually be 
found to have the sain<! property. 

There is one point upnu which Du Fay dwells that 
deserves more tliau a passing remark — the connection 
between phosj^horescence and temperature. He proved 
that |>Iiospb')ri euniiot absorb light so well when they 
are warm as when they are cold, and that a rise of tem- 
perature always makes them disengage their light. 

It is obvions that these early investigators labored 
under great difficulties arising from the iuijierfect chem- 
ical science of those times. They coiif(iunde<l together 
things that were essentially diffei\;nt, siieh as the Bhining 
of urinephofi]>horu3 with the glow of the diamond, and 
this again with the electrical light arising wlien friction 
has been employed. Tlien, again, their em)neous views 
of the composition of bodies were constantly leading 
them astray. Thus ])u Fay, finding that the Holognian 
stone (barium sulphate) emitted a sulphury smell, and 
thinking that it shone because of the burning of the 
Bidphur, transferred the same explanation to the case of 
yellow diamonds, and asserted that they also glowed 
through the combustion of the sulphur that discolored 
them. 

1 do not intend now to give a review of the subse- 
quent discoveries and hypotheses bi-ought forward by 
the numerous experimenters yf the last century, or by 
Heinrich, the Beccpierels, Biot, Poggendorft', Pearsall, and 
many others in this. 1 nm}*, however, recall attention to 
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a very elal>orate memoir by Osann (PoggcmlorflTs -4rt/frt- 
/tfrt, 1834» vol. xxxiii., p. 405), in whicb be discussos the 
various theories of coml>U!*tion, absorption, excitation, 
etc., and gives many new facts. 

(Respecting the phospliuresceuce of diamonds, I hare 
recently had an opportunity of making' a curious obaer- 
vation. A lady, n ixtlative of mine, bas a j)aii' <if ear- 
rings in which are set two ]ai*ge and beautiful gems, 
both of wliich phosphoresce after exjiosure to au electric- 
al spark; she has also another pair lu which both the 
diamonds in like manner phosphoresce. Judi|;iug fix>m 
these four instances, one might regard tliis property as 
veiy common. Curiously enough, the necklace belong- 
ing to this set, containing thirty-eight stones of very fine 
water, has only one that will jplutsplioresee. This ntn^k- 
lace would, therefore, lead us to reverse the conclusion 
to which the ear-rings had led us, and to infer that phos- 
phoi-escing diamonds are comparatively rare.) 

All solid substances, e.\eept the metals, pn«;sess the 
phosphorescent quality. We may, however, by making 
a judicious selection of the bodies which are to serve as 
our means of experiment, disembarrass tlie inquiry of 
many of its complications. If we employ the Bolognian 
stone (barium sulphate) or Canton's phosphorus (cal- 
_cium sulpliide), or, indt'ed, any other substance liable 
undergo chemical changes in the air, we introduce 
Tinnecessary phenomena, and cannot <listinctly prove 
whether the Khiuing ii^ due to a direct combustion of 
the parts or to other causes. 

Among selections that might be made, diamond and 
fluor-spar possess qualities rendering them very eligible 
for these purjwses — uncbangealjility in the air and 
under water. Even between these there is a choice, for 
fluor-spar [tossesses all the good ([ualities of diamond. 
It might be said, considering the chemical relationships 
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of diamond, that when it glows it undergi^ea a kind of 
surface couilmstioii, wliieb is the cause uf the Hgbt; but 
though dii-ect experiments prove that this is not the 
case, it is much better to resoH to fluor-spar, which is 
fi-ee from such an objection. It is absolutely ineumbus- 
tible. Besides, it can be obtaine<l perfectly transparent 
or nearly opaque; it (xwurs of many tints of color; can 
be easily cut and polished to any figure, and obtained in 
pieces of any required size. Its phosphorescent powers 
are very high; indeed, it yields, wh<:ii jn-operly trejite<l, 
to no other substance, not even to Canton's phosphorus, 
in that respect, and greatly exceeds the potash sulphate, 
a substance which, however, possesses many eligible 
qualities. It will therefore be understood that in seIec^ 
iug fluor-spar and its varieties as the subj<H;ts for experi- 
ment, it has Iwen done with a view of bringing the i-e- 
sults to their simplest conditions. In such inquiries 
Canton's phosphorus and bodies cheriiically changeable 
art! wlinlly iimdniissible. 

The ft|>ecimen8 of fluor-spar employed "by me were de- 
rived from many diffei-ent sources, American and Euro- 
pean. The color of the light they emitted was in some 
cases blue, in some green, in some yellow. Among them 
was an Americjin variety of chlorophane of a pale flesh- 
colored asjiect, translucent on the edg*js, and excelling 
all the otliei-R in the splendor of its light. It equalled 
the best Canton's phosphorus iu power, yielding a su}H*rb 
emerald green light when it received the rays of the snu 
or of an electric spark, or had its temperature raised. 
The warmth of thu hanil in a dark place made it shine. 
Considering the facility with which we can regulate the 
intensity nf an electric spark, measuring out the quanti- 
ties of light used in a given experiment, it is clear that 
there are great advantages iu resorting to it in prefer- 
ence to the variable rays of the sun. Our choice of a 
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substance should be controlled 1>y these conditions, and 
fluor-s]>ar complt'tely fulflU all the indications. 

It will be setiii, however, tlnit 1 have not restncted 
myself to the use of this body, but whenever other sub- 
stances could be compared with it, have resorted to them 
also. The general jinnci|iles here set forth as applicable 
to fluor-s]inr may l>e likewise extended to them. 



To what cause are we to attribute phosphoreacence? 
AVhat are the changes taking place in the glowing 
body? 

We have already seen that a century ago two diffei-ent 
answers had been given to these questions. Lemery 
supposed that all bodies act towards light as they do to 
heat, absorbing it an<l thun giving it out: Du Fay that 
all phosphoivscences are cases of combustion. 

Before w^e can reach a decision there are evidently 
many prelitninfiiy points t<> be settled. . If ohemical 
changes between the glowing body and the air are dis- 
posed of, and the action is recognized to be of a purely 
physical or luoIecuUir kind, it is necessary to detemtiue 
(1) whether there is any expansion or contraction of the 
shining body during its glow: (2) whether there is any 
structural change; (8) whether there ia any evolution 
of heat along with the liglit; or (4) nny devt-lopTnent of 
electricity. These inquiries will now be taken up in 
succession. 



1. Is there any change of volume in a ph&fphore^ent 
body duriittj iU glow ? 

I attemptetl to a.scertain this by causing various iKxliya 
to shine brightly when enclosed in glass vessels filled 
with water, so that if there were any expansion the 
water might be pressed out into a slender tube, and the 
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amount of dilatation tliereby determiued. The arrange- 
ment was as tVillnws; 

A glass tube about two inclies long and thi-ee i|iiar- 
tera of ail inch in diutuet^r wiis closed at its upper end 
liy means of a plate of poUshed quartz, cemented air- 
tight. Immediately beueath the ijiiurtz the phosphoies- 
cent body was snppoitwl. Through a cork which closed 
tlie other end of the tube there passed a piece of ther- 
mometer tube bent on one side, and to it was affixed a 
scale. The an-angement \va« supported on a ^nitable 
stand, so that the cpiaitz was npjjermost, and at a little 
distance above it the spark fi-om a l^eyden-jar could be 
[lassed between a ]>air of stout iron wires maintained at 
an invariable distance, and thus pnnluced phosphores- 
cence in the Iwdy. It may be remarked that these ef- 
fects of an electric spark do not take place well through 
glass, and hence a plate of quartz, which readily trans* 
mits thcra, must be used. 

In Fig. H, a a is the glass tube, fi fi the plate of pol* 
ished ([uaitz, <■ the phosphorescent body, 
d (I the cork closing the lower end of the 
tube, e e the bent tube,/ its scale, tj ij the 
iix)Q wires connected with a Leyden-jar, 
and giving a spark. The index drop at 
A ivfers not to this, but to a subsequeut 
expeninent 
The large tube containing the phnsphnr- 
eseent body must Vie tilled quite 

^^ full of water, free from air, as also 

~ f must be the theniiometer tube to 

PiR. 1*. a given mark on its scale. If an 

electric spark be now passed between the wires to make 
the phosphorus shine, it is clear that if there lie any ex- 
pansion or ctmtraction of its volume, there will be a corre- 
sponding movement in the crater of the thermometer tube. 
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On making the trial, and using in succession a crystal 
of violet-colored fluorspar, a piece of flesliailoi^l chloi*o- 
pbane, and a mass of Canton's phosphorus, the result in 
all cases was negative; for, though these ditlerent suli- 
stances glowed very lirilliantly as soon as the sjiark 
passed, there was not the smallest movement perceptible 
in the index li<juid of the thermometer tube. 

With a view of estimating the delicacy of the means 
thus used for determining any change in the volume of 
the spar, the solid content of a piece of clilorophane was 
determined by weighing in water; also the value of each 
division of the scale was ascertaintd. The value of each 
such division was equal to y^ '^^ ^^i^ volume of the 
sjiar^ and a movement equal to one tenth of that value 
could have been detect*?d. 

It may therefore be coneliuled that a pfio^)hoiv^ceni 
hodtf^ when at it« maxinittjn uf (jlou\ Juts not changed its 
vobuM perceiMUy. 

The conclusion thus amved at la strengthened by an- 
other mode of exjieriment If change of volume be con- 
nected with this evolution of light, it might reasonably 
be expected that a sudden, severe, but equable compres- 
sion, exerted on a piece of spar, the light of which is just 
fading out, would compel it to regain a portion of its 
brilliancy. A piece of chlomphane in that condition was 
placed in water contained in the apimratus known as 
Oei-sted's inatrumt-nt for measuring the comin*essibiIity 
of water, and which is described in most of the ti'catises 
on physics ; but though, by suitably turning the screw, 
pressures varying from one to four atmosplieres were 
suddenly put on the spar and as suddenly removed, no 
change whatever was seen in the glowing mass, the light 
of wiiich continue<I steadily to die away. 

In Fit*. 15, Oei-stetrs instrument for proving the com- 
pi-essibility of water, a a is the glass cylinder filled with 
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water, b the pressure screw, c the phosphoi-e*- 
oeiit spar or substnuce. 

These exjtei-imeuta have a beanng on L6- 
luery's tiiinny. A mass oi' iron sutltleiily com- 
pressed grows hot ; so, too, does atmosplieric 
air. It would, therefore, not be unreasonable 
to e:cpect that it* a ])huS])liorus acted like a 
sponge to light, and were thus pressed upon, 
it would yield up its light. But conceptions 
derived freni the old theories of specific heat pi^u. 
are perhaps scarcely applicable here. 

When unequal ju*essure is applied, the result is <Uffer- 
ent. A piece of ehlurophaue pressed by a foree]>s glows 
brightly; if crushed, the fragments spaikle like little 
fire-works as they fly through the air. If the spar be 
pre\*iou3ly powdered, a shining is still produced, and 
when the pulvenzatton is conducted in an agate mortar 
in the dark, hnghfc eddies of light follow the track of 
the pestle. In these cases, however, the separation of 
the laniinie of the crystal nnd the heat pruductni by 
friction j)robal)ly <letiii'inin« the results Canton's j)hos- 
phonis did not shine when compressed or submitted to 
friction. 



2. Does any tdructwal change accompany the phm- 
phoreacence of hodien ? 

The foregoing expei-inients appearing to prove that 
if there be any expansion of a phosphorescing l.>ody, it 
is to a very small amount, I next endeavored to de- 
tennine whether there is any molecular change, or new 
structural arrangement, which can be detectctl by ix>lar- 
ized light. 

A flat piece of fluor-spar, polishe<l on both sides, was 
placed in a jKilai-iscope, and a j>a)r of blunt irou wires 
connected with a Li*ydeu-jar were adjusted near the 

K 
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front of it, so that when tbc epnrk passetl, a bnlliant 
glow ni-ose in the epar, which was at once viewed 
tlirouirh thf nimlyzer of the instrument. But though 
the expvrinuMits were made hoth by daylight au<1 laitijv 
Jigbt, 110 kind of effect could be detected. Had any 
molecular change occurred, it couhl not have escaped 
notice. 

In Fig. 16, a h is the polariscope, c the flat piece of 

fluor-spar, b the analyzer, d d 
the wii-es giving the electric 
sparlc. 

These experiments were fii-st 

made by using as the analyzer 

d^ Z "X^lfezo a doubly refracting achromatic 

piism; th«y were, however, re- 
peateil with a Niwil, in which 
the eye is not disturbed by a 
bright image aa in the other 
case. Tlaving fixed tlie phtte of jjoHrihed fliior In the 
polariscope, it was ivaJily perceived that it possessed 
naturally a struetural atrangement, for there were clontly 
spaces or lines in it which contrasted with the faint 
white light jiassing in the adjaeeiit parts. It was also 
8*'en that tlii.s structural arrangement conUl be ileianged 
in a transient manner, eitlier by pressure or an nnequ&l 
warming, as is well known of other bodies; but when a 
|M>werful electric disL-harge was passed near the spar, 
and a brilliant phosphuieseence ti>ok place, no im]>res- 
sion could be detected. Even when the ii-on wires rest- 
ed on the spar, and the explosion passed over it*i surface^ 
nothing was perceptible except along the line between 
the ends of the wires, where th(! surface was roughened 
or abraded by the force of the dis(!ha^^l^ 

But though these oxjx^rimeiits with polarized light 
give a negative result, or, at all events, prove that a 
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pbonphonis when shining lins it« molecular comlilion so 
little diHturbed that the chnnge cannot be detected in 
this way, tLerc can be no dotilit tlitit if the means of 
testing were more delicate, sucli a change would Iw dis- 
covered, for many yems ago Mr. Peai^iall found that 
specimens of fluf)r, not possessing pLo^iphoi-escence natu- 
rally, might have that quality communicated to them by 
repented exposure to many powerful electnc ilischarges, 
which also gjive rise U> a change in their natural color. 
Now there can be no doubt that such an alteration of 
tint inijtiies an alteration of structure. 

Besitles the test by polarized light, there is another 
which may be resorted to for the detection of structural 
changes when they are merely superficial; it is the 
mode in wliich varldus va]joi-8 will condense. I de- 
scribed several such cases in the Philmophi^ Magazine 
for September, 1840, some time previously to the pul> 
lications on the subject that were made by M. Moser. 
They were brought forwaixl at that time as an illustra- 
tion of the manner in wtiich mereurial vapors condense 
on a daguerreotyi>e plate and develop images wliich it 
has receive*!, Pi-oeeeding on tlda princi|)Ie, a large plate 
of fluur-s[mi', the surface of wliich was finely jKdishe*l, 
was made to pho9|tho!e9ce brightly along a given line 
determincil by the ends of two ii-^in wires, which served 
as a dischaiger f»^r a Leyden spark, and were placed 
n«ar to the poli^lie<l Ruiface. The spar wa** forthwith 
suspended in the mercurial 1m)x nf h daguerretityf>e a)** 
parntus ami kept thern an hour. The mercury condenstMl 
upon it faintly in the manner it wouhl have done on a 
daguerreotype ]ilate, esjiecially on and in the vicinity 
of those parts that ^vere more immediately exposed to 
the spark. This, th<*i'efore, seems to prove that there is 
in these coses a molecular inoditicatiuu of tlm shining 
Buiface. 
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S. yV/ien a phoaphoreacent hodtj gl^fws^ does it likew^ise 
etnit htatt 

A very thin bulb, half an inch in (3inniet<T, was blown 
on a piece of thermoiiK'ter tube, iiiul after being wjislied 
over with gnmwater, finely powdered chloropLaDe was 
dusted on until it wns iicHtly coated all over. A di-op 
of water was tlien inti'odueed iuto tlie tube to serve as 
an index. Although the iustiiiment was very sensitive 
to beat, wlieii the clilorojiliane was nmde to shine and 
emit a goi^eoiis eineraUl green light by the passage of 
a poweifiil electric spark near it, no movement whatever 
of the index ensued. Fron\ this it would apjiejir that 
the quantity of lieat developed by phosphoreseeueti must 
be very 8niall. 

In Fig. 17, a a is the glass bulb cowered with a coat- 
ing of powdered chlorophane, h 
a drop of water serving as an 
— index. 

A modification of this ex|)er- 
iinent, wiiich appeai-ed to offer 
several advantages, waa tried. Tlio instrument repiv- 
seuted in Fig. 14 was emptied of its water, and a single 
dro]), A, ]Mit into the index tube. It wa.^ supposed that 
wlten llie rays of the electric spark passed tlirough the 
quartz and made the phospliorns shine, the air contained 
in the tube, warmed thereby, would e.xpnnd, and a move- 
ment in the index liquid <if the thcnnonieter tube take 
place. IJut in several trials, in which ditfei*ent bodies — 
chloniphane, Canton's phosphorus, etc — were employed, 
the results were iiniformly negative; for though these 
different substances glowe<l splendidly as soon as the 
spark passed, tliere was not the slightest rise of tem- 
perature perceptible. 

A further attt^mpt was made as follows: Tlie disk of 
quartz being removed and replaced by a cork, through 
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wliich a pair of iron wires to ser^^e as a dischar^r passed 
air-tigbt, and descended to within a short distauue of tlie 
pliospliorus, sufticicnt time was allowed in various repeti* 
tiiHiH fur the inclt-x litjiild to come to rest It was hoped 
that this form of expeiiment would have advantages over 
the preceding, because the discharging wires could be 
bmught nearer to the phosphorus, and the effect take 
place without the intervention of the (juartz. When 
the gpark was made to pass, there was a great ni(»ve- 
ment in the index tube, as in the instniinent known ns 
Kinnersley's electiometer, l>Ut the li((uid immedintely i-e- 
tnruetl to within a yhurt distance <if its fii-st place; then 
a slow dilatation occunx'd.as thougli the air was gradu- 
ally warming. Tims in one experiment the Hfjuid stood 
at 24'', after the explosion it returned to 26°, and then 
tbelv was a gradual dilatation to 32°. 

To eliminate the various disturbing causes in this ex- 
periment, it waa repeated many times, the sjiar being al- 
ternately introduced into the glass tube, and altemate- 
ly removed. It was found that whenever the spar was 
present tbe gi'adtial dilatation alluded to took place; 
but when the spar was not in the tube, instead of a 
dilatation, thei-e was a grachml contr-action until the in- 
dex li(pii<l recc)vered its original jiositicrn. 

Fi-om this it ai)pears that nuVi (In evolution of light 

ei-e i« afitf'le extrication of heat. 

The quantities of heat thus liberated are so small, and 
the causes of ermr ai-e so nutneivus, that I eudeavnrwl 
by other methods to o})tain more trustworthy ix'sidts. 
TTiua I attempted to detemdne the surface temjwrature 
of a flat piece of t-lilorophane while phosphorescing by 
means nf the thenno-electric nudtiplicr. The therm<»- 
pile was jilaeed in a vertical positiini, and the spar 
having bcvu attached to a piece of wood, which serveil 

a haiulle, intense phosphorescence w-as communicated 
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by a Ijeyden npark, an<l the flat atiii ^hiaing surface 
instantly put on thy upper face of the pile. But there 
was no niuveiiieut of the astatic needles. 

Tlien, Inking llie stone l)y its handle, it was tonclitnt 
with the tip of the finger ibr one second, and quickly 
placed on the pile. A prompt movement of the needles, 
amounting to four degrees, ensued. These experinienls 
were re|)eatedly tried, and the results were unit'onuly 
the same. 

lu Fig. 18, a a U the thei-mo- electric pile, b b the 
p • plate of ehlorophaae, c the 

handle. 

On considering tliese J-e- 
suits, it ajipears that as the 
teuiiteratiire of the ail' near 
the mnllipller in one of 
the experiineuts was 53°, 
anil the estimated leDlpe^ 
ature of the skin 94'', the 
amount of hent which the 
stone i-eceived fi-ora the 
touch of the finger must 
have heen very small. I 
mode a eoni[)arHtive trial 
by touching the bulb of a 
thermometer for the same space of time, in the same 
way, and found that there was a rij^e of about 1 J". But 
the coudnetihillty of quicksilver is luueh greater than 
that of chlorophane. 

It is to be inferred, tlierefore, that the quantity of 
heat set free during })hosphore*cence is very small, 
and that the suiface of the chlorophane does nut 
change its temperature by one fonith of a degree ; 
for hiul it done bo, the multiplier would have instant* 
\y detected it 



riic.tA 



AlBHOik VIILJ THE rUOSI'HORESCENCE OF BUOIE& 



151 



* 



4. Is phospiiore^cetice accomjiankd witfi a development 
of deetrivity t 

It has been stated alreatly that the experimenters of 
the last century paid a ytx)*! deal of attentitm to this 
point. Du Fay established the fact that tliougb m many 
cases of pbuspburesceuce there is a development of elec- 
tricity, thyrc are many others iu which the light seems 
to be wliolly unattended by any disturbanots of that 
kind. 

I have repeated some of these experiments, and with 
the same result, proper care being taken to avoid fric- 
tion and other obvioutt causes of electrical excitement. 
Thus a iiat piece of eblorophane, iihosphoresciug ]>o\ver- 
fuUy, was put on the cap of a very delicate gold -leaf 
electroscope, but no disturbance whatever was percejv 
tiblc^ 

A lai^c ciystal of fluor-spar was made to phosphoresce 
brilliantly along a line about half an inch in length by 
passin*; tlie spark of a Leyden-jar between two blunt 
iron wire«, the ends of wlii<'li were that distance apart^ 
and resting on the face of the crystal. Over this line of 
bine light, which was jtretty sharply marked, and which 
lasted for j^eveial minutes, a fine hair was held. This 
would have been readily attracted and repelled by the 
feeblest c^ccitation of sealing- wa.v, but iu this case it 
wholly failed to yield any indication whatsoever. 

In connection with the foregoing experiments, I may 
mention some miscellaneous facts. Some attempts were 
made to detenuine whether phosphorescent l)odie8 in 
the field of a powerful electro-magnet wotdd e.\hibit any 
change of j)ro]>erty. Six Grove's pairs were caused to 
magnetize a good electro-magnet; the power they could 
give to it Wfiuld enable the kee[>er to sup|K>rt about 
balf a tun. Between its polar pieces chloix)p1iaue, Can* 
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ton's phosphorus, etc., which were nmtle to glow l>y ex- 
posuit! to a Leyden spark, were plactnl. But it made uo 
difference in the light whether the magnetism was on 
or nut. 

It was also found that the electric spark from a con- 
tact-breaker would communicate phosphoiesceuce to all 
the various bodies in use in these expiTinients, and that 
uj> to a certain point the intensity of the light increased 
with the number of sparks received. 

Phosphorescence ia not communicable from on3 body 
to anotlier. Having provided two polished plates of 
tiuor-spar, one of them was made to glow by an electric 
spark, and the other was immediately put upon it. No 
comniunicatiuu of phosjjlioi-escenee took place; the sec- 
ond piece remained perfectly dark. 

Si>me Buthoi-H state tliat fluor-spar docs not become 
phosphorescent by ex|>osure to the sun ; but this re- 
mark does not apply to all varieties of it. Thus eonie 
ehlontphnne, which iiad been ignited in a glass tube till 
it hatl ceased to shine, was pulverized and again ignit- 
ed in a platinum crucible. It emitted an emerald light 
A slip of wood was now put on it to screen a part of 
its surface, and it was exposed to the sun for a few 
minutes. On ignition, it shone again linely, with a green 
light, the shadow of the wood being beautifully depict- 
ed. The same having been repeated a great many 
times, it appeared thiit the phos]ihorescence at last be- 
gan to decrease, perhaps by freq^uent ignition causing a 
change. 

A screen of yellow glass intervening between the sun 
and Rome powdei'tHl chloi'opluine prHvent<Ml pluisphnres- 
cence, but it took place tln*ough a plate of polishetl fluor- 
Bp«r. When the light of an electnc spark was used in- 
stead of the sunshine in this experiment, the fluor-spar 
pi-evented phospln)resceiice. 
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General CoNCLUsiopre. 

The results to which the foregoing experiments tring 
U8 are therefore — 

1st. That the methods eiiijiloyed in these expenments 
are uot sufiieieiitly di^lit-ute to detect any iuciv-ase lu the 
dimensions of a phosphorus while it is in a glowing state. 

2d. No structural change can be discovered by i*esoi*t^ 
ing to polarized light; but there is reason to believe 
from the change of color which certain bodies exhibit 
wlu-n tht! (pinlity of shining is communicated to them, 
and from tlie manner in which vapoi-s condense on their 
surfaces, that such has actually taken place 

3d. That ])hi)s{]hn]-etjeeiice i» attendud witli n minute 
rise of temjmnitnre. 

4tli. Tlint it is not necessarily connected with any elec- 
trical disturbance. 

On comparing these conclusions, it is obvious that if 
the thiixl be correct there nui-it necessarily be a change 
of volume, and that the reason the dilatation is not dis- 
covered by direct e.xperimeut is owing to the insufficiency 
of the means employed. 

The general Weiinitinn given of pliosjihoresecnce is tliat 

it is the extrication of light without heat (Gmelin). 

^But these results show that that definition is essentially 

inconiect; for if the experiment be made with due care, 

rise of temperature can be detecttnl, though its absolute 

^amount may be very small. 



DeUnninatioii of Ote al^solute qvantity of light etnifted 
hy pho»phori. 

And now we may inquire how it is with the light it- 
self i do we not deceive ourselves respecting it ? We 
ought to recollect that it is bai-ely penceplible in the 
npeu day, and that these exiierimeuts i-equireto be made 
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in the dai'k. We filiuuld also recollect tlie great sensi- 
tiveaess of the eye, ami how feeble a himinous impres- 
sion it can detect. Impressed with these facts, I have 
i;udeavoi-ed to compare the ahsoluLe (quantity of light 
^veu by the most l>ri]li.int pho»phon with some well- 
known standards. The result of these exjHjrinieijts puts 
a new view on the whole sul>ject. 

The first atteinpls 1 made for this pxirpose were con- 
ducted on the principle of couijjaring the stnins formed 
on a daguerreotyiJe plate by the phosphorus under trial, 
and by an oil-lamp, receivinj^ the rays from e^ich on a 
concave metallic mirror eight inches in diameter and 
fifleeu in focus, anan^ed as & reflecting camera obsctira. 
There were set, side by side, a small uiMamp, a piece of 
white ]»!iper illuminated l>y tlie lamp, and a fragment of 
chloro])bane, arranging things in such a manner tliat the 
chlorujilianc might l>c ilhniiiiinted by rays coming from 
A contact-breaker worked by two Grove's pairs. The 
contact-breaker was kept in action fifteen minutes, and 
then, to prove the sensitiveness of the plate, the lamp 
was moved fur one minute to a new position, and the 
experiment closed. 

On developing, it was found that the irnpit^sions of 
the lamp had sularlzeil, both that of fifteen minutes and 
that of one, proving that such a light in one minute is 
amply sufficient t<) change the plate to its maximum. 
Also the. electric spark of tlie contact-breaker was s^jhir- 
ized, and the image of the piece of white jiaper beauti* 
fully given of a clear white; but the phosphorescing 
spar had made no impression, except fitim one portion 
where it had reflected the rays of the spark. 

Susj>eeling that the B|>ark from the contact-breaker 
might not have lie**n powerful enough, I i-epeated the 
experiment, using sparks from a Leyden-jar. The oil- 
lamp was exposed in fi*ont of the mirrar one minute, and 
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then i-eniove<.l ; then ten strong sparks were passed over 
the spar, each of whicli made it emit an emerald light; 
liut iluring tlie ruument at' the ])assagc of each spark a 
sci*e«n was iuterjwsed, that uo diivct or reflected! light, 
and, indeed, nolle but that of the phosj)horus, could reach 
the luirror and sensitive phite. 

On mercurializing, it was fuund as before that the 
lamp was beautifully depicted but the spar was invisible. 

lu Fig. ly, « is the oil-lamp, i the white paper, c the 
chlorophune, cut and polished, </ the contact-breaker 
with its wires,// the concave mirror. Its concavity 
faces the above-iuimed objects, and reflects their images 
inverted and reversed on a sensitive plate, e. The mir- 
ror and sei]Hitive jilate are enclosed in a darkened box 
not shown in the figure. 



iui 



PlfrUi 

Estimated, therefore, by the chemical effects they can 
proiluce. the light fn)m chlorophane is iucoiuparftbly less 
intense than that from a common lamp. F»tr them can 
be no doubt that eac^h of the ten Le3'den sparks gave a 
light which made the spar phosphoresce brilliantly for six 
seconds, and the whole phosphorescence was e([ual in du- 
ration to that pi-oduced by the light of the lamp; yet the 
latter had changetl the plate to a niasimnm, while the 
former had not madtj the smallest perceptible impivssion. 

As the foregoing attenij>t to obtain photographic ef- 
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ft-cts had failed, I varied tlie experiment n» follows: In a 
Bufaemian glass tube a quantity of chloi-oplmne in coai'se 
fragments, sufficient to ofcujiy alioiifc tliree inches in 
length of the tube, wjis placfd. The reflecting camera 
with its sensitive silver plate was set in a proper po- 
Bitiou. Wlien everything was arrangetl, a spirit-Inmp 
was applitnl to the ehlorojihane, which soon emitted a 
superb emerald light, and continued to do so for about 
two minutes. As the light began to decline, the spar 
splintered by decrepitation. ■ The pixHiesa went ou in a 
very satisfactory way. An oil-lamp was then placed in 
front of the cainern fitr five secc)nds. On developing, the 
image of the lamjvllftnie came out, but no trace whatever 
of the chlorophaue could be detected. Thus it appears 
that the Hplendiil green light emitted when the sjmr is 
heated is at least twenty-four times less intense than the 
light emitted by a small oil flame. It should be remem- 
bered that this is a measure of absolute intensity, and 
not of illuminating power 

But as it is known that given light is not very ef- 
ficient in changing a sensitive surface, I tried to deter- 
mine the intensity of the light emitted by ehloropbane 
by the optical method of Bouguer, describetl in the first 
of these Memoii's, p. 3Jt. 

The spai' being heated by a current of hot air arising 
from the flame of a spirit lamp, the light of which was 
carefully screened by a chimney and otlier contrivances 
of sheet-iron, a c«)nipanson was made witli a very small 
oiMatup, the flame of which was alnnit six tenths of an 
inch high and the wick one sixth of an inch thick. It 
was covered with a glass shade. 

The spar, when it began to glow, cast a redilish shad- 
ow on the paper, which shadow was extinguished when 
at its maximum by the lamp at about S5 inches, the 
spar being at 5 inches. 
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Tbe lUstaDces of tie cl]loroj>Iiane anJ lamp from the 
paper were, tberefure, as 1 : 5. The illiiniinatiug effect is 
as tbe wiuares of those numbers, and therefore 1 : 95. 
But for extinction it requires that one light shoultl h« 
sijity times as iutense as tlie other; it follows, therefore, 
that at those distances the illuminating powir of the 
lamp is lifteen hnnilR^d times as intense as the illumi- 
nating effect of the spar. 

But the quantity of spar used in this experiment ex- 
posed a surface much greater than that of the flame; it 
was estimated to be at least twice as great. This, there* 
foi*e, would bring us to the couelusioii tliat the lutriudic 
brilliancy of the chloiophaiie is uot ^^^ jjaii. that uf 
the lamp. 

This experiment was several times repeated. Thus it 
was found that the lamp extinguished the shadow from 
the H[iai' when the relative distances weixj 1 : 4. The 
lanij) tit 4 was therefore sixty times as luminous as the 
spar at 1 ; that is, their illuminating power was as 1 : UtiO. 
But it was estimated thiit the surface of the spar was 3^ 
times tjjat of the llame of the lamgi, si> this would make 
the intrinsic brilliancy j^, a result of the same oixler 
as the pi*uceding. 

Fi'om this we conclude that (Ae inlritmo hnlliancy of 

^pli&sphori w vert/ ^iiuill ; a Jine ytecimen of chioropfiane, 

at i/s vuiximum vf bi'ujhtntm, ifielding a liijht three thou- 

mnd times less intense than the flame of a very small oil' 

litmp. 

It was stated above that these photometric experi- 
ments put a new view on the whole subject; iu fact, 
they exj)lnin all the difficulties of tho foregoing inquines. 
How could we exj)ect to be able to measure the heat of 
phosphorescence J The radiant heat of the little oil- 
lamp here employed would retjuire at such distance's a 
very delieate thermometer to measui-e it. Is it likely, 
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then, that we conld detect that of a source three thou- 
sand times less intense ? 

I conclude, therefore, that all phosphoric bodies emit 
radiant heat as weH as light; but that its quantity is so 
small that we have no means delicate enough to measure 
it, though the eye is so sensitive that it can detect the 
light, the absolute intensity of which has, however, hith- 
erto been greatly oven'ated. I believe that the quanti- 
ties of both are of the same order, and if this be tine we 
should scarcely expect to discover any dilatation of the 
glowing body unless means much more refined than 
those here resorted to are employed. 
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MEMOIR IX. 

ON TlIE EFFECra OF HEAT OX PIlOSPHOBESCtyCE. 

From the Flii]cMO]iliic»I Maguine, Feb., 1S81. 

CoiTTSitTs:— ^jperijw/nf of Albertas Jfaynnt. — Deffrte vf phofphoret- 
twee at different tetnfitraturtt. — Th« quantity of lit/hi a mitUiMt eaii 
retain it iitverte/g at it» tcm-fteraturf ; the quantiti/ it can rertiiw i* di- 
rectly a* tkt intentHy and yuantHy of lifff>t to fchirh it has Item a- 
poKtd.—~Phn*phitreMeHt imaffe$ of the moon. — Action of ether worts. — 
Effects nf cohesion. — i?«uoit that gateM, liquids, and metals are non- 
jrhosphomrefit. 

It has heen already observed that the effect of heat 
in piinuoting the diseDgagement of light is au oW dis- 
covery. AlLei'tus Magnus remarked it in the case of 
a diatnond pliiiigtnl into hot water 

It is customary in later works which ti-eat systemat- 
ically on phosphorescfiiee to group the different facts 
under two hi-nds — Ist, iihosphoitwceuc« produced by in- 
(tnhition ; 2d, hy heat. An example of this is offered in 
the staudanl work on chenii>5try liy Gnurlin. 

A division of this kind hringa the whole subject into 
confusion. It assigns different causes for things that am 
Lcssentially allied. It leads to the infei-ence that as un- 
der certain ciieunistauces the sunlight or ati electric 
Bjmrk can make Viodies glow, so under other circumstan- 
ces heat will produce the same effect, and this wholly 
independent of incandescence. 

Hut what an' tfie fficts? If a yellow diamond placed 
upon ice be subuiitUnl to the sun, and then brought into 
a dark room the temperature of which is 60^, fur a time 
there is a glow, but presently the light dies out. If the 
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diamond be now put into water at 100^ it shines again, 
and again its liglit dies away. If next it be removed 
from tliat water and suffered to coo], ami then be re* 
imDaei*sed, it will not shine again; but if the water be 
heated to 200^ and the diamond be dropped into it, 
again it glows, and again its light dies away. 

There is, therefore, a corresp)ndenee between the light 
disengaged and the teniperatnre. We are not to ei>n- 
clude from the foi-egoing illustration that when the dia- 
mond has its temperature raised from 100° to "200'* the 
light is due to the heat Oa the contrary, the light is 
unipiestionably due to the piimittve exposure to the 
eun; just as in Lcmery's illustration of the sponge, if we 
exeit a little pressui-e a portion of the water flows out ; 
if a stronger pressui-e, etill moiv ; and for each degree of 
pressure there will be a corresponding quantity of water 
expelled. 

The counectioQ between phosphorescence and temper- 
ature may be iusti'uctively illustrated as follows; 

Suppose that three yellow diamonds, a, b^ c, have been 
simultaneously exposed to the sun, a being kept at 32", 
b at 60", tf at 100**, and that they are then simultaneously 
removed tu a bath of wiiter at MW^ in a dark room; it 
■will be found that a emits a bright light, i shines more 
feebly, and c scarcely at all. This is what ought to be 
expected fi-ora the prluL-iple laid down above; for if at a 
particular temperatura a certain quantity of light \a set 
five, it is clear that a has the advantage of i, so that it 
will disengage all the light to bo set free between 32* 
and 60^ 

From sut'li experiments and considerations it is to be 
inferred that there is an intimate connection between 
temperature and phosphorescence which may be conven- 
iently expressed in tlie following terms. 7Vi* quantity of 
Uglit a suhskaice can i-etain is inversely as iV« temperature* 
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This iH-inoiple fiiriiiMbes tlie explanation of a multitude 
of facts. Thus T)u Fay discovered that the Bolognian 
stone shines Lri^hter when exposed to the sky thau to 
the sun. In the latter case the tomperatui'e rises, and 
the quantity of light retained is less. Under violet 
and other glasses, stained with such colors a* impede 
the warming effect, pliosphorcsfence is even more vivid 
than when no glass has inter\ ened. On the same prin- 
ciple we have an explanation of Du Kay's flpj»areutly 
successful attempt to prevent the escajje of light from 
dlaniundi5 by ])utting them in ink or eoveiing them with 
black wax. When removed from the ink and brought 
into -the air, they Itewmie somewhat warmer — perha{>s 
the touch of the finger aided the effect — and a corre* 
sjwnding quantity of light was set free. 

But thaugli temperatui-e is n controlling, it is not the 
only condition involved. If it were, phosphoi-escence 
after insolation sh(»uld occur only after a rise of tempera- 
tui'e. The fundamental fact of tlie whole inquiry proves 
that a glowins body can retain more light iu presence 
of a lucid surface than it can iti the dark. 

Is not this fact analogous to what we meet with in 
the e.icchaDges of heati A substance can retain more 
heat in presence of a hot body than a cold one. The 
brillianey and quantity of light to ^vIlich a phosjihorus 
is exposed goes very far to determine the intensity of 
the suWquent glow. Thus I found that a piece of 
ehlorophaue exposed to one spark of a contaet-bwaker 
shone feebly, but if it had received one hundred sparks, 
its light was very vivid ; and it has long been known 
that iu delicate pbosjihoi-i a certain degi-ee of luminosity 
can be communicated by the moonbeams, a more intense 
one by lamp-light, and one still more brilliant by the 
sunshine or a Leyden spark. This, therefore, leads to 
the conclusion that the quantity of lifjht a pho»phonti 
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can i-eceive is directly as tJie intensity and quantity of 
light to which it has been exposed, 

(Witli resi>ect to the light of the moon, I hnvc snc- 
ceeded in obtaiiiinsc an imntre of that satt-llite on Caiiton'^a 
phosphorus, by the aid of a concave metallic mirror.) 

The various facta herein cited indicate that when a 
ray of light falls on a suifuee, it thixiws the i>at-ticles 
tliei"eof into vibration. An examination of the action of 
the differently colored itiya dispeTsed )>y a prism shows 
that in general the greater the fivqueney of vibration 
of the impinging ray, the more Vtrilliant is the phosphor- 
escence. BuL in iiueh a prismatic examination we have 
constantly to bear in mind the diMurbing agencies \vhic1i 
are pi*e3ent, and especially the antagonizing effects of 
heat ; that this determines the amount of light that a 
phodj>horu3 can receive, and also the rate of its subse- 
quent extrication. In Memoir V., p. 87, 1 have shown 
how the photographic action of light betiays the general 
pnuciple of an interference of vibi-atory movements, and 
the prwluction of antagonizing results in different parts 
of the solar spectrum. An argument is ther« brought 
forward to the effect that as the violet end produces 
phosphorescence and the red fxtingnishes it, this is a 
proof of opposition of action. In explaining this fact, 
M, K. IJecquerel supiwses the darkening power of the 
red rays to be due to the more rapid disengagement of 
the phojiphoivscence by reason of the hi*at prinluccd by 
those rays, and the appai*eut antagonization is not a^ 
tributable to the supposition of vibratory movements of 
light rays of different frequeuey, but to the relations of 
caloric and light. The force of this exj^Ianation, how- 
ever, disappeara when it is understood that light and 
heat, the chemical and phosphon>geuic rays, are, accord- 
ing to the principles of the able experimenter, all mani- 
festations of the same agent. It avails us nothing to say 
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that a want of phosphorescence at the less refrangible end 
of the spectrum is due to the heat-giviug powers of those 
]*ft)*9, when that very heat-giving power h under the by- 
pothesia dependent on thuir cumparative rapidity of vi- 
L ration. 

We may, therefore, in the explanation of phosphor- 
escence, abandon expixasions dfrived from the material 
theory of liglit, and aj^snme tliat whenever a i-adiation 
falls upon any surface, it throws the particles thereof 
into a state of vibration, juttt as in the expi^'iment of 
Fracasterj in which a stretched string is made to vibrate 
in sympathy with a distant so\iud, and yield harmonics, 
and form nudes. Such a view includes at once the facts 
of the radiation of heat and the theory of calontiu ex- 
.'Cfaanges; it also otFers an explanation of the connection 
of the atomic weights of bodies and their specific hcAts. 
It suggests that all cases of decomposition of comi>ound 
molecules under the influence of a radiation are owing 
to a want of consentaneousness in the vibrations of the 
impinging ray and those of the molecular gi^oup, which, 
unable to maintain itself, is bi'oken down under the pe- 
riodic impulses it is ittH-iviiig into other groujis, which 
can vibrate along with the ray. 

If n hot body, rt, be placed in presence of a cold body, 
i, the theory of the exchanges of heat teaches that the 
temi>eratui-e of the latter will steadily rise until equi- 
librium between the two takes place. The molecules of 
a communicate their vibratory movement to the ether, 
and this in its turn inipai-ts an analogous movement to 
the molecules of h. For, as the etherejil medium ia of 
vastly leas deusity than the vibrating molecules, each of 
these oscillations will produce in it a determinate wave, 
which is propagated thi-ough it aecoitUng to the ordi- 
nary laws of undulations, in such a way that the ethej- 
would be in repose after the Avave had passed, were it 
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not for the vecun-eiico of the continuing vibration of the 
molecules. At each vibration the molecules of a lose a 
part of their r/« vh'd, by the <jimiitity they have com- 
municated to the ethereal wave, the intensity or ampli- 
tude of the wave becoming less aud less as this abstrac- 
tion of foi-ce is goiug on. But the ether being of uniform 
density aud elasticity throughout, each of its particles 
communicates the whole t*/a viva it has rcccivctl to the 
next adjacent, and would instantly come to rest were it 
not again disturbed l>y the vibrations of the material 
molecules. These elementary considerations show how 
it is that a wave of sound pusses tliroiigh the air, or of 
light through the ether, and the particles of those media 
come instantly to rest; but a hot body or a vibrating 
stnng ]»eraists in its nuitinns, which only undergo a grad- 
ual decline. If the vibrating molecule were in a medium 
of the same density, it would impait to it all its motion 
at once, and in the name way that a heavy molecule grad- 
ually comniiinicateii its motion to the ether, so in ita turn 
does the ether to other systems of molecules. 

Upon these pnnciples we may explain the phenomena 
of phosphoi-escence. From a shining body undulations 
are propagated in the ether, and these, impinging on a 
phosphorescent surface, throw its molecules into a vi- 
bratory movement, These in their turn impress on the 
ether undulations; but by reason of the difl'erence of its 
density C4)n)pai'ed with that of the molecules, they do 
not lose their motion at once; it continues for a time, 
gradually declining away aud ceasing when the vis viva 
of the molecules is exhausted. 

When a phosphoi-escent surface is exposed to the lu- 
minous source, it necessarily undergoes a rise of temjier- 
atnre, and the cohesion of its parts is diminished; but 
atUr its removal fr*om that source, as the temperature 
leclines and radiation goes on, the cohesion increases, 
ind a restraint is put on those motions. 
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Now let tlie plmsphonis have ita temperature raised, 
and tlie culiesiou of its molecules be thereby weakened, 
and tlie restraint on their motions abated. At once they 
resume tlieir usciIlatious,an(l eoutinue them to an extent 
tliat belon*^ to the teinpeiatui-e used. When tliin has 
passed away, a still higher temperature will release tbein 
once more, and the glowing will again be resumed. 

AVhat would be the result it' we could cause the sur- 
face of a mass of water on winch circular waves are risincr 
antl falling to be instantaneously congealed* It might 
be kept in that condition for a thousand years, and tlien, 
if instantaneously thawed, the waves would resume their 
aucteiit motion from the point at wliieh it was airested, 
and it would now go on to its completion. 

So with these pliosphori. Exposed to light of a suit* 
able intensity, their parts begin to vibrate; but the fi-ee- 
dom of those motions h interfered with by their cohe- 
sion. Amplitude of vibration must always be affected 
by cohesion, and if the ray be removed and the tem- 
perature be permitted to decline, the restraint becomes 
greater and greater, and they pass into a condition some* 
what like that which has just been illustrnteil. It niat- 
tei-s not how long a time may intervene^ rise of tempera- 
ture will enable them to resume their motions. 

These jinneijiles give an explanation of all the facts 
we observe. We we how it is that as we advance from 
one temperature to another the phosphorus will resume 
its glow, and that there is, as it were, for every degree 
A certjiiu amount of vibratory movement that can be ac- 
complishwi, or, to nse a different phrase, a certain amount 
of light that can \w set free. It also necessarily follows 
that different solids will display these motions with dif- 
ferent degrees of facility, and hence shine for a longer or 
shoi-ter time, ami with lights of different intensities. 

But in liquids and gases, which waut that particular 
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condition of cohesion characteristic of tlie solid sUt<;, aod 
the parts of which move freely among each other, phos- 
phorescence cannot take place, for it depends on tlie in- 
fluence that cohesion has had in restraining the vibra- 
toiy movements. 

Furtlier, tlie condition of opacity does not permit phos- 
phorescence to be established. The exciting ray cannot 
find access to disturb the interior layei-s of the mass, and 
even if it did, and phos]!hore8cenctt ensnetl, how could 
we expect to be able to discover it through the inipervi- 
ous veil of the superficial layers? The light of the most 
bnlliant phosphorus cannot be seen thraugh the thin- 
nest golddeaf. Its intensity is vastly too small. These 
ai*e the reai^ons that no one lias ever yet succt^eded in 
detecting phosphorescence in metals and black bodies. 

It ■vvill be gathered from this explanation that I am 
led to believe that all the facta of phoajihoresceuce can 
be fully explained on the j)riucij)les uf the communica- 
tion of vibratory motion throtigh the ether; that as upon 
that theory an incandescent body maintained at incaU' 
descencti would eventually compel a cold body in its 
presence to come up to its own temperature by making 
its {mr tides execute movements like those of its own, so 
the sunshine or the lla^h of an electric spark compels a 
vibratory movement in the bodies on which its rays fall ; 
that these vibrations ai-e interfered with by eohet^ion in 
the case of solids, but that they are instantly established 
and almost as instantly cease in the case of liquids and 
gases; that reducing the cohesion of a solid by raising 
its temjwrature permits a i-esumption of the movement; 
and tlmt the condition of opacity, whether metallic or 
otherwise, is a bai' to the whole phenomenon. 
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ON THE DECOMPOSITION OF CARBONIC- ACID OAS BY 
I'LANTS IX THK VKISMATIC SPEtTKUM. 

Piom lli« IVornetling* nf llw Arnericiin Plii!o«opliir«I Societv, M«y, 1815; Pliil- 
o)>o|>hicii] MnipKiiie, ^pL, 1843; Aiiienniii Joumiil of Science and Art«, VoL 
XXVI., \64'i; l'hilQ«n|)ht«tL Mngiwiiie, Sopt., 1»44. 

CoKTEKTs: — Tht dtcompotitwn of carbonic acid by li^kt /ormerttf at- 
tributtd to tht pioitt my. — // mn fie ttuetut/uiii/ ofenmpfiahnl in the 
p rit m atit apKtram. — ft lake* pincr not in tht ri'o/r/ bat m the yrllov 
my, — Ihmmpimtion by ytHvie ainorbtnt media. — Analytic f^ tht gat 
tvaired ; ft ulvtiyt contaitu mtraiftH, — Dceom/xmtiun o/aUcalitu ear- 
hitnatt* ami bieartionatt*. — Anaiysia of the fftu tvolvfd in different rayt. 

For many yeara it lias been known that the green 
parts of plants, unJrr the influeuce of suiiliglit, (wssess 
the power of decomposing carbonic acid, and Betting 
fi-ee its oxygen. It is reuiarkaltle tliat this, which is a 
fundamental fact in vegetable physiology, should not 
have been investigated in an accurate manner. The 
statements met with in the books ni-e oft^-n far from 
being cori-ecL It is sometimes said that pure oxygen 
gas is evolved, that the deconi]>o9ition is brought about 
by the so-called " eheinicjil rays;" these and n nndtitude 
of such errora pass current. So far as my rejuling goes, 
no one has yet attempted an examination of the phe- 
nomena by the aid nf the prism, the only way in which 
it can be correctly discussed. 

In n paper by Dr. Daulreny, inseited in the PhUoBoph' 
ical TVan^tctiona for 183f5, two faet«, which I shall verify 
ID this conuuuiiicatiun, are fidly eslAblished. These are, 
let, the occurrence of nitrogen gas in mixture \\ith the 
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coudition of cobesiou characteristic of the solid state^and 
the parts of which move freely among each other, phos- 
phoi-escence caunot take place, for it depends od the in- 
fluence that cohesiou has had in restraining the vibra- 
tory movements. 

Further, the condition of opacity does not permit phos- 
phorescence to be estaV^Ushed. The exciting ray cannot 
ftud access to disturb the interior hiyers of the mass, and 
even if it did, and phosphorescence ensued, how could 
wc expect to be able to discover it through the impervi- 
OU9 veil of the superficial layei-s? The light of the most 
bi'illiant phosphorus cannot be seen through the thin- 
nest gold-leaf. Its intensity is vastly too small. These 
are the reasons that no one has ever yet succeeded in 
detecting phosphorescence in metals and black bodies. 

It will be gathered from this explanation that I am 
led to believe that all the facts of phosphorescence can 
be fully explained on the j)riiieiples of the communica- 
tion of vibratory motion through the ether; that as ujk»u 
that thet>ry an incandescent body maintained at incan- 
descence would eventually compel a cold body in its 
pi-esence to come up to its own temi>erature by making 
its particles execute movements like those of its o\vn,Bu 
the sunshine or the 6ash of an electric s]>ark compels a 
vibratory movement in the bodies on which its rays fall ; 
that these vibrations are interfered with by cohesion in 
the case of .solids, but that they are instantly established 
and almost as instantly cease in the case of lii^uida and 
gases; that reducing the coliesion of a solid by raising 
its temperature [>ermits a resumption of the movement; 
and that the condition of opacity, whether metallic or 
otherwise, is a bar to the whole phenomenon. 
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OK TIIE DECOJtPOSmON OF CARBONIC- ACID OAS BY 
PLANTS IN THE PItlSMATIC SPECTKUM. 

Froni ihe ProcccdinK^ of (he American PliiloMphlt^al Society, Mny, 1813: PliiU 
OM^Iiiail Mngniinc, Sept., IM:t; American Joumal of ScJencc and Aru, VuL 
XXVL, 1{I43; rhilosopliicnl Ma^xiiKJ, 8epL, lHU. 

CoKTKKTs: — Th« iledijnpoaiUoa of earhcmie acid % U^h( formerftf at- 
tribtitut tn the violtt ray. — It tan b« tU€Cew/«U}/ actvmptitilted in tht 
priamatic a/wflrum. — // Inirfj place not in thi Ptvlrt hut m tkt yrllow 
ray. — />fmmposition by t/tUote uhtorheHt medi'i, — Aiuiftfsit of Iht ipu 
tvolred ; H iiltMi/t con(uina Mi/rtw/rn. — Vfeampoaition. uf alkuliue car- 
boitata attd bicarliOnrtUa.—Analyitiji of tin gat cvolvtd in different rayt. 

For many yeni-s it has been known that the green 
parts of plants, under tlie influence of sunlight, j)09s<*sa 
the power of decotnpuKin^ cavbonie acid, and, setting 
free its oxygen. It is remarkable that this, which is a 
fundamental tact ia vegetable [ihysiology, should not 
have been investigated in an accurate manner. The 
etateraents nut with iu the books ore often far from 
being correct It is eonietinics said that pure oxygen 
gas is evolved, that the decomposition is brought about 
by the so-called " chemical rays;" these and a multitude 
of such eiTors pass current. So far as my tvailing; goes, 
no one has yet attempted an examination of the phe- 
nomena by the aid of the prism, the only wa}' in which 
it can be correctly (Hsciifwed. 

In a paper hy Dr. Daubeny, insertwl in the Phii4mtj}ii- 
tea/ Ti-atisactions for 163G, two facts, which 1 shall verify 
in this communication, are fully established. These are, 
1st, the occuiTence of nitrogen gas in mixture with the 
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oxygen, an observation onginally due to Saussure, or 
some earlier writur; and, 2d, tliat tlie act of decomjio- 
STtioa is due to tbe light of the sun. This latter ef- 
fect, ohtaint'd l>y enipUiyiiig colored glasses or absorb- 
ent media, baa not been generally received. Doubt will 
always hang about I'esults obtained in that way, and 
nothing but an examination by the prism can be satis- 
factory. 

In its connection with organic chemistry and physi- 
ology the ex]>enment of the decomposition of carbonic 
acid by leaves assumes extraordinary iuter-est. When 
we remember that this decomposition is the starting- 
point for organization out of dead matter, that com- 
mencing witli this action of the leaf the series of or- 
ganized atoms goes forwai*d in increasing complexity, 
and blood and liewli and cerebral matter are at its ter- 
minus, it is clear that unusual inipoi-tance belongs to 
precise views of this the commencing change. The rays 
of the sun are the authors of all organizatiim. 

Thei-e is but one \\i\y by which the question can be 
finally settled — it is by conducting the experiment in 
the pnsnuitic spectrum itself. When we consider the 
feebleness of ettect which takes place by reason of the 
disjjei-sion <tf llie incident bfam ihiough the action of 
the prism, and the gi-eat loss of light through reflection 
from its surtace, it might ttpj>ear to be a difficult opera- 
tion to eft'ect a determination in that way. Knconraged, 
however, by tlie purity of the skies in America, I made 
tbe trial, and met with, complete success. 

When the leaves of plants are placed in water from 
which all air has been ex]>clled by Innling, and exposed 
to the sun's rays, no gas whatever is evolved from them. 
When they are placc<l in common spring or pump wa- 
ter» bubblis ijuickly fbnn, which, when collected and 
analyzed, pixive to be a mixture of oxygen and nitro- 
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gen gases; from n given quantity of water a definite 
quantity of air ia pnxinceil. When they are exposed 
in water wliii;h has b«en hoiled, and then impi"e«:nated 
■with carbuuio acid, the decomposition goes on with ra* 
pidity, and lar^e quantities of gas are evolved. 

Tlie obvious inference seeming to arise from these 
facts is that all the oxygen collected is derived from 
the direct decomposition of carbonic acid. 

Having by long lioiling and subsequent cooling oK 
tained water free from dissolved air, I saturated it with 
cnrbonie-noiil gn% Some graaa leave.% the Rui*faces of 
which were carefully freed from adiiering bubbles OV 
films of air by having been kept in carbonated water 
for thiee or four days, were provided. Seven glass 
tubes, eacli half an inch in diameter and six inches 
long, were filletl with carbonated water, and into the 
upper part of each the same number of blades of grass 
were placed, care being taken to have all as near as could 
be alike. The tubes were placed side by side in a small 
pneumatic trough. It is to be pniticularly remarkwl that 
the leaves were of a pure green aspect as seen in the wa- 
ter; no glistening air-tilm sueli as is always on freshly 
gathered leaves nor any air- bubbles were atiaebed to 
them. Great caie was taken to secure this perfect free- 
dom from air at the outset of the e.'cperiments. 

The little trough was now placed in such a position 
that a solar spectrum, kept motionless by a heliostat, 
and dispersed in a horizontal dii-cction ))y n fiint-glass 
prism, fell upon the tubes. By bringing the ti"ougb 
nearer to the prism or moving it farther off, the different 
colored spaces could be; iim<lf* to fall at pleasure on the 
inverted tubes. The beam of light was about three 
fourths of an inch in width. 

In a few minutes after the beginning of the experi* 
tnent, the tubes on which the orange, yellow, and green 
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rays foil commenced giving off minute gasbubblea, and 
in about an hour and a half a quantity was collected 
Buffioienf. for accvinite tneasui'cmcDt. 

In Fig. 21), a a rpj>n^sents the trough, and R, O, Y, etc. 
the tubes containing the leaves and carbonated water 
placed so as to receive the spectrum, I b. 

R y a B 1 T 
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The gns thus collected in each tube liaviiig been trana- 
ferred Ui another vesscJ and its (juantity <leterrninetl, ihe 
little trough with all its tubes \vas freely exposed to the 
sunshine. All the tubes now commenced actively evolv- 
ing gas, wliich, when collected and Inea^'ured, Kerveil to 
show the capacity of each tube tor cairying on the proc- 
es& If the leaves in one were more sluggish or exposed 
a smaller sui-face than the otliei-s, the ipiautity of gas 
evolved in that tube was con-espondingly lesa. And 
though I could never get the tubes to act jjrwisely 
alike, after a little practice I brought theiu sufficiently 
Dear for my purpose. In uo instance was this testing 
process of the jiowcr of each tube for evolving gas omit- 
ted after the experiment in the spectrum was over. 

From the following table it api>eai's that the rays which 
cause the decomposition of carbonic-acid gas are the or- 
ange, the yellow, the green ; the extreme n«l, the blue, the 
indigo, and the violet exerting no perceptible effect We 
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Taibte of lh« Decomporition of Carbottic Add Ay Light of Di^trtnt 

Coiors. 



Bxp«rln>eul I. i| Expcrliuaiil II. 




Name of t%j. 


Valame of iii<>- 1 Nuae of ray. | VnlnnM tt^poL. 




RxtroRM rod...... 

R«d niiilornnKt... 
Ydli'it- And tcieen. 
Gn^eii mid bltiB... 


1 virome red and red. 
.00 BIm 


.00 

Sl.Tfi 

48. 7A 

4.10 

l.oi) 

.Q» 

.no 












.00 ViolW 









shouUl therefore expect tliat in a beam, passing tliroiigb 
absorbent media of snucli a nature that the extreme i-etl, 
the blue, the indigo, and violet nitj absorbed, tliis de- 
oouiposttiou sliDuld nevertheless go on. A solution of 
bichromate of potash nearly fulfils these conditions. It 
transmits the luminous rays in question, excH]>t a trace 
of those which correspond to the more infrangible yel- 
low and less refrangible green. 

A remarkable proof of the correctness of the foregoing 
prismatic analysis tiomes out when leaves are made to 
act on carbonated water in light which has passed 
through a solution of bichromate of potash, I took a 
wooden box of about a cubic foot in dimensions, and 
having removed its bottom, adjusted to it a trough made 
of pieces of plate-glass. The box being set on one side, 
its lid served as a door, and the trough being filled with 
a solution of bichromate of pota.<tb, the sun's beams came 
through it, and in the intei-iur of the box leaves and car- 
bonateil water could be exposed to the rays tliat luid 
escaped absorption. The thickness of the liijnid stra- 
tum was about half an inch. I had several such boxes 
made, so that I might compare the simultaneous effect 
of light that hail undergone absorption by different me- 
dia. They foniied, as it were, little closets, in which 
bodies ctmld be exposed to particoloi'ed light — blue, 
yellow, i-etl, etc. 
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Fig. 21 represents one of these closets j o » is it<* side 

of stained -glass, or tlie 
trough containing the ab- 
sorbing solution, bichro- 
mate of potash, etc ; b h, 
ihe door. 

Whenever an expen- 
nieiit was commenced in 
these closets, a similar one 
was simultaneously com- 
menced iu the unobstruct- 
ed sundhine. It is needless to state that in all these 
care was taken to have the diflVreiit arnuigeiuents for 
<Jecomj>ositioii as nearly alike as pi)S.slble. 

On comi>aring the amount of gas evolved in iinab- 
sorbed light and iu light that had innlen^ne alisorption 
by bichromate of potash, in, three out of five trials the 
gas collect<.*<t under the latter circumstances exceeded in 
volume that collected under tlie former; this was prob- 
ably due to a higher temperature existing in the box. 

On comparing the volume of gas collected under bi- 
chromate of potash and under litmus- water, the latter 
was not equal to half the former. 

I conipai-e*! the gas evolved in unobstructt'd light, 
under bichromate of potash, aud under anmionia sul- 
phate of co])per; the results were as follows: 

[Jniih«lnii.-tM] lijthi 4.7.^ 

Bii-liromnH- of jMUitilj 4.23 

AtQitiuiiiii Hiil|fhatc of coppor 75 

It therefore a])peat^ that light which has passed 
through bichromate of potash, by wliich the chemical 
rays have been absorbed, can accomplish this decompo- 
sition ; but light which has passed through ammonia 
sulphate of copper, which transmits the chemical i-ays, 
fails to produce that effect. 
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For tliese i-easona I conclude tliat tlie ileooiufwsitiuu 
of carbouic acid by the leaves of plants is brought about 
by the rays of light, and that tlie calonfic and socallod 
chemical rays do not participate in the phenomenon. 
Tbo rays of light are tlierefore as much entitled to the 
appellation of chemical rays as those which have here- 
tofure passed under that name. 

Next I examined the constitution of the gaseous mixt- 
ure given off during these decompositions. It proved to 
be not pure oxygen, but a variable niixtui-e of oxygen, 
nitrogen, and enrbouic auid. Omitting the carbonic acid, 
which diffused from the solution in variable quantities, 
the following table represents the tHtniposition of the 
gaseous nuxture: 

Analyifi of Oat eroived from Carhonaltd Waaler. 



BX|.. 


Kmim nt riant. 


Oijvn. 


NlimewiL 




1 


Pinns icdi. 


t6.l« 


8.S1 




2 


'• 


27.16 


la.Bi 




a 


If 


22.3U 


21. «7 




4 


Poa aantiB. 


90.00 


10.00 




ji 


!• 


T7.W 


M.IO 





This table contains a few out of a great number of 
experiments, all of which might have been ipioted as ex- 
amples of the conductions which I wish to deduce. 1st. 
They all coincide in this, that the oxygen is never 
evolved without the simultaneous appearance of nitro- 
gen ; 2d. That when certain leaves are employed, as those 
of the Pitnift t»'da, there seems to l>e a very simple rela- 
tion between the volumes of oxygen and nitrogen. In 
the first and second of these exiJcriments, the volume of 
oxygen is to that of nitrogen a.s two to one; in the third, 
as one to one. In certain cases this ap|)arent simplicity 
of pnjpoition is departed fi"om ; but from its frequent oc- 
currence in many analyses I have made it seems to de- 
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maml attentive consitleration. Moreover, in other plants, 
as in experiments 4 and 5, the nniouut of oxygen is rela- 
lively greater, and between it and the niti-ogen there 
does not appear any exact proportion. 

In order to ascertain whether decompositions taking 
place under absorbent media, as bichixtnmte of potash, 
yield the same results as indicated in the foi-egoing 
table, I made several analyses of gas colleeted under 
those circumstances. The ])reseuce of the al>sor'bent me- 
dium did not seem to exert any influence whatever, the 
general results coming out as though it had not been 
em|)luyed. 

It was also found that the alkaline carbonates and 
bicarhonates could be deeomjioswl by leaves in yellow 
light. The alkaline biearbonates, as is well known, un- 
dergo decomposition by a slight elevation of teniperatuiv. 
When boiled in water they gradually give off their sec- 
ond atom of carbonic acid, and slowly pass into the con- 
dition of neutral carltonate. In the experiments I made 
with them the boiling was not continued long enough to 
affect to any extent the constitution of the salt, and in 
each case any portion of carbonic acid extricated during 
cooling was removed by the air.piiiii]>. A few leaves 
placed in this solution sliowe<l no etfect if kept iu the 
dark, but if brought into the sunshine there was a copi- 
ous evolution of gosbubbles, whicli, on detonatiou with 
hydnjgen, proved to be rich in o.vygeu gas. One expen- 
ment gave S8 of oxygen, 13 of nitrogen. 

In a subsequent communication to the PkUosftphhxtl 
Ma/jiizitia (Sept., 1844), 1 gave additional analyses of 
the gas emitted in yellow light as follows: 

Five tubes, each thi^ee eighths of an inch in diameter 
and six inches long, were inverted iu a small trough of 
containing carbonic acid, with which the tubes 
fclso filled. Some blades of grass nearly of the 
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same size and volume were placet! in each tnbe. This 
gra»9 had. been kept for two days in the tUrk in a bottle 
filled with carbonated water. During this time the film 
of air which envelops all new leaves was removetl, the 
grass became perfectly fi"ee from all adhering gaseous 
matter, and when in the carbonated water exhibited a 
dark-green aspect. 

I have ]>reviously futuid that leaves thus soabe<l emit 
Tinder the influence of light a larger amount of nitrogen 
than usual; this comes from the incipient decay of some 
of their nitrogenized constituents. When imdcr these 
circumstances they are placed in the sunshine, this niti*o- 
gen i*()uieH ofl' along ^vith the gas liberated from the car- 
bonic acid. 

In the expenment I am now relating, a tube arranged 
like one of the foregoing five evolved in the open nun- 
shim a certain volume of gas which was composed of — 

Oj^rcefi 41 ) 

Niirojt«g .10 > 100 

CkHnnk acid 00 } 



The five tubes were placed in the spectrum in the fol- 
lowing colors, and emitted the quantities of gas repre- 
sented in the tbUowiug table: 



Kxiri'itiu iFil mill [vO.I ').l> 
Oni'igt- aiicl lellotr | Ifl.S 

I Yolbw and gnen. ....' 2','! 

I Jthio '• •• 0,.'. 

I Iii<Ji|[n AiiJ viiilnl. .... O.fl 



The gas in tube 2, which had been in the orange and 
yellow ray, was then washed with a solution of caustic 
potassa. After this it still measured 19.8. It contained, 
therefore, no perceptible quantity of carbonic acid. It 
wan next examined for oxygen, aud with the following 
result: 
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Coiutitution ofQax emitted iw Oraufft and Yefioa Light. 



8.0) 



Oi7(aa... 

Nitrogen 

Cubontc kcld . . 0.0 ) 

19^ 



8.0-t t Oxygen. ....... 40.4 

or ■? Nilngm fi9.6 

tCariMDic add.. 00.0 



100.0 



The gas evolved by the yellow antl grveti rays was 
next aimlyzetl. Lifct' the former, it iin<lerweiit no ilimi- 
nution by washing with caustic j>otash. After this 
treatment it therefore nieoiiiired 27.4, and on being ex- 
amined fur oxygen yielded or follows: 

Cmulituthn of Oat emitttd in Yeilaw and Grtm Light. 

Oqrfm J2.f>'j iCtxjeea 4S.6 

Nkraeen 14.9 • or < Niirosen M.4 

Ou-buuk acid.. (lO.o; (Corboaic add.. 00.0 



27.4 



100.0 



Tn explanation of the large and variable amount of 
nitrogen occurring in these analyses, it will scarcely be 
necessary to remind the v^etable physiologist that it 
arises fi'om the mode of conducting the cxi>eriment. In 
order to be absolutely wrtidn that no atmospheric air 
inlilmeU the leaves, they were soaked in water, and then 
when brought into the sunlight the nitrngen which had 
accumulated in tlieir tissues from incipient decay dif- 
fused out with the first portions of oxygen. As, there- 
fore, moi-e and more gas was evolved, the relative amount 
of the nitrogen diminished. Tints the reason that the 
third tube appeared to be richer in oxygen than the sec- 
ond was owing to its containing more ga-s. Any jierson, 
however, who is faniiliur with the physiological action 
of leaves will undei-stand these things without any fur- 
ther explanation. 

UnTKittiTT or New Yoku, J«m 15, 1814. 
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MEMOIR XI. 

OP TUB FORCE INCLUDED IN PLANTS. 

Coltectcd Milt conden»«d fracn fttemnirB in the J«ininl of the FninkliB InaiituM and 
Hurpflr's ]ilurithly Mtipuinc. 

Cdxtbhtb : — Grvwlh of a Hed in darirM4f ami I'n H^ht. — Action of 
plant* and ajtimala rttrpetdvely on the atmogf^ert.—JCxamination of 
Rum/or^s eTpftimentt. — Dark heat rayt eaututt deeompoae carbonic 
acitl.—(fermituition in eolortd rays. — (/recniitt/ of teavet tiiket place in 
the yeltom and atljacmt ratft.— The cfWHiial rvWid'on t^all cJiemicat 
change* by radiation t* absorption. — Plant* absorb force from the tun; 
it is associatid with their combnatible parts, and it ditetiyaptd by ati- 
dation, 

I HATE given in Memoir II. n dtf9<;rij)tion of tliL* struct- 
ure of an or(]luary flninu. Its llglit is derived from par- 
ticles of sulid carbon issuing fruiu combustible mHttem 
with which the wick or the gas jet \s f«I; these HoIiJ 
particles, passing from n low teiujieratiire to n white 
heat, and undergoing eventually complete oxidation, es* 
cape into the atM)us])hei-e as carbonic-acid gas. 

We now encounter a questitm of imposine; interest: 
Whence bos the foioe which thus manifests itself as heat 
and light been derived! Force cannot be created; it 
cannot spring forth spontaneously out of nothing. 

It may be said, without much error, of such flame-giv. 
ing coinjwunds as we ai-e hei-e considering, that they are 
for the most part compounds of carbon with liydrogen. 
To regard them as such will very much simplify the 
facts wo have now to pi-eRtnit. 

Under the form of oils and fats these combustible 
substances are derived directly or indirectly from the 
T^etable world ; dii^ectlv, as, for instance, in the case of 

M 
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olive-oil ; indirectly, as in the case of animal oils and fatSw 
These have been colIeL-ted hy the aniiiiala fVuni which 
we obtain them out of thftir vegeUble ft«>d. Even fats 
denved from the carnivora have been procured fi-om the 
lierbivora, and came orifipnally from plants. 

This brings us therefore to a consideration of the 
chemical facts connected with the life of plants. 

If a seed be i)IantLHl in moist earth, the air having ac- 
cess and the teniperatui-e that of a pleasant spiing day, 
}*enninatiun in the course of a few Iioura will lake place. 
Shuuld the process be coiiducttid in total darkness^ jut in 
a closet, the young plant sliuots ujnvard, jwilt*, or at most 
of a faint tawny tint We can easily verify this state- 
ment by |ilacing a few turnip seeds in a flower-pot con* 
taiuiug eaith, put into a closet or drawer from which 
light has been carefully cxclutled. 

A sickly-looking plant thus s(tnngs from a seed iu the 
dark. It is etiolated, as botanists say. If we e^iamiae 
it carefully, making allowance for the water it contains, 
we shall find thnt no inattcr huw tall it may be, its 
weight has not iiici*eA8ed beyond the original weight of 
the seed from which it came. It has been iJeveloping at 
the expense of the secil, the snbstantre of which lias been 
suffering exhaustion for its supply of nourishment. We 
cannot continue this development in the dark indefinite- 
ly, for the seed-supply is soon exhausted, and then the 
shoot dies. 

But if instead of exposing the 8ee<l which is the sub. 
ject of our experiment to darkness, we cause the germi- 
nation to take place in the open day, a very different 
train of conseipu-nces eiisuc-i. TIhmi; is no longer that 
immoderate exti-usiun of a sickly etiolated stem upward, 
but the parts emerging into the light turn green. Very 
soon, to use a significant expi-ession, they are weaned 
from the seed ; they no longer use the maturial collected 
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for tliein m the preceding year by tbe parent plant, and 
storetl up for tbeir use, but tlioir Icavi'S, expninling, turn 
green, and expose tbemsolvcs to receive the rays of the 
sun. If they be now examined as in tbe previous in- 
stance, making nllowndcu fur the water they contain, it 
will })G found that fmm day to day th«ir weight i» in- 
creasing; tbey are living iudepeudently of the seed. 
Tbey are olitaining carbon and hydrogen, tlie former 
from carbonic acid, and tbt* latter fmrii wut^r and am- 
raonift — coiu]>ounds existing in tbe air or ftiruisbed from 
tbe grouud. 

If a seedling, germinated in darkness and permitted to 
grow to a certain CAtent, be then exiwseil to light, pro* 
%*ided its dark-life has not continued t4H> long, its etio- 
lated aspect will soon disa]>pear; it turns green, and as- 
sumes all tbe characters of a Iiealtby plant. Tiiis is in 
eflect tbe nattu'iil jn-ocesi Fur we bury Beeds a little 
under tbe Hurface, covering them lightly with earth, the 
opacity of which secures the necessary darkness; but the 
mould Iwiiig moist, the air haviug a ready access, and 
the tem[H'ratun! uf the scjisun suitable, all the conditions 
needful for germination — water, air, wai-mth, darkness — 
are present. The plumule, or shoot, makes its way out 
of the obscurity into tbe light; its reliance for nutrition 
on the seed ends; its independent life begins. It obtains 
carlwn, hyditigen, oxygen, nitrogen from the air, and sa- 
line substances and water from the wiil. 

The facts which we thus bring into relief, as necessary 
for the further es]>osition of tbe subject, are these: In 
tbe first stage of tbe life of a plant, its dark-life, tber« 
is, excluding water, a diniinutir»u in tbe weight; in the 
secomi, or light-life, there i^* an incivase, due very largely 
to the appi-ojiriation 4)f carlK)ii from tbe air. Tbe atmos- 
pheric carbonic iicid has been decomposed, its oxygen aet 
fi'ee and, for the most juirt. jwrniitted to cscaj>e, its other 
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constituent, cai'lioii, now nnnisteriug tu the gruwtli of tbe 
plant. 

A stone trough standing in a garden received tbe 
waste water from a piinip. Tbeie bad accumulated on 
its sides a green slimy growth (cuutWva). From this 
growth, on tbe west side of tbe trough, which was receiv- 
ing the moiiiingrays of the sun, bubbles of gas wei-e con- 
tinually farming; and these, as they attained a sullicieut 
size, rose tlirough tbe water and ertcajied into tbe air. 
Tbi.s efVect on the west side diniiiiiKlied as tbe sun jmssttd 
tuwanU the meridian, but at mid-day the noii-h Hide uf the 
trough was in full activity. As evening came on, that in 
its turn gave forth fewer bubhles, and was suweedeil in 
activity by the east side. At first it was thougiit that 
these bubbles were nothing more than the gas which is 
dissolved in all water, and analogous in conjposition to 
atmospheric air, but closer exaniiimtion showcit that it 
was oxygen, nearly j)ure. During the niglit no gas what- 
ever was dlHengageJ. 

Priestley, Ingenbous2,Runiford, and other experiraeut- 
ers of the last century invcsligated these facts carefully. 
The cunclusioua to which they came may be thus sum- 
marized : All ordinary natural watws contain carbonic 
acid in solution; leaves or other green parts of jilanta 
placed in sucii wnU-r ami kept in darkness exert no action 
upon it, but in the sunshine they decomp(»se the cai bonic 
acid,appro|)riiiting its carbon and setting its oxygen free, 
as gas. Soon, however, the supply in the sample uf ^^ ater 
is exbauste*l,and the action even in the sunlight ceases. 
It is again resumed if more carbonic acid be aitifieially 
dissolved in the water; and since the air expired from 
the lungs in the act of breiithing contains muob of that 
gas, it is sufficiniit, by the aid of a tube, or in any other 
suitable manner, to conduct such expired air into the 
water for the disengagement of oxygen to go on. 
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The esperiineuLs of tlie»e earlier cfaeiuiste had tlius 
estal>)islied the iiujiurtant fact that from carbonic acid, 
which is extensively diffuse^l through the atmosphere 
anil in water, and even in the soil, through the influence 
of sunlight, oxygen is obt;iin«l. The sunlight, then, is 
the force which cartit^ into effect the decomposition. 

Thei-e is thus a perjietnal cirain on the sujiply of car- 
bonic acid, a peipetunl tendency to its diminution, antl 
hence, for the order of nature to continue, there must be 
an incessant supply. The source of that supply was verj* 
strikingly indicated by some of Prifstley'a experiments. 
"Having n-iuU-rciI a tpmntity of air thoroughly noxious 
by mice brratliing and dying in it, he divided it into 
two receivers inverted in water, introducing a few green 
leaves into one, and keeping the other receiver unaltered. 
The former was place<l in light, the latter in darkness. 
After a certain time he found that the air in the former 
had become respirabie, for a mouse lived vei-y well in it; 
but that in the laltrr was still imxious, for a mouse died 
the moment it was put into it." 

To Piiestley chii^fly, though he was aide<l by other in- 
vestigators, we must refer the honor of one of the givat* 
est discoveries of the last century. It was this, that the 
two great kingdoms of nature, the animal and the vege* 
table, staml at once in antagonism aud alliance. What 
is done by the one is undone by the other. Each is ab- 
solutely essential to the existence of the other. There is 
a never-ending cycle through which material atoms run. 
Now they are in the atmosphere, tfien they aiv parts 
of plants, then they are transfen-e*l Ui animals, and by 
them they are conductwl bnck to the atmosphere, to run 
tliixmgh the sjimo cycle of changes again. The sunlight 
8np]>1ies the force that cairies them through these revo* 
lution& 

Previously to 1834 I had turned my attention to tbia 
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interesting siil>ji;ct. It liad "been asserteil hy Kumfoixl 
that many other substances besi^les the leaves of plants 
would evulve oxygen gas. He s[>ecified raw silk and 
cotton filires. "Sly iiivestiijntiuti coiumeuctKl hy ati exain- 
ination of this assertion. I sotm found that two totally 
distinct things had been cout'oundctl. Ordinary water 
contains^ a» has lieen said, catboiiic acid in solution, but 
it also nece-ssarily contains the ingredients of atmospheric 
air. To this, for the sake of distinct tn^ss, the ptn'haps in- 
correct designation of water-gas may be given. Since 
oxygen is very much more soluVtIe than nitrogen, this 
dissolved gius diflein in eoinpusilioa from atmuapherie 
air. It is ix^Iatively richer in oxygen. 

I very soon found, on exjwsing raw silk, spun glass, 
and other such fllires, iinmersetl in water, to the sun, that 
Kumford's assertion was coirect — gas-bubbles were set 
f]"ee; but his inference was incorrect — the gns did not 
conie from decomposed carbonic acid ; it was merely the 
Water-gas of the water. I was thus able to sej^arate the 
true i'rom tiie false portion of tlie experiment. And 
though I thu.'* disjKisH of the subject in a few words, it is 
perhaps due to the labor that was expended to say that 
it cost several weeks of uninterrupted work and many 
scores of analyses before I felt absolutely certain that 
this was the indisputable iuterpretatiou of Kumford's 
experiments. 

Now as a guide to a conect exposition of the expen* 
Dients that I have to relate, it must be borne iu mind that 
the assumption of a gi-een color by a germinating plant 
and the decomposition of carbonic acid by it are identical 
events. Or, perhaps, to speak more correctly, the latter 
is the cause, the former tlie effect. 

At that time very incon-ect views of the nature of the 
HUii-rays were entertained. It was believed that they 
contained three distinct principles: (I) heat,(2) Hght,(3) 
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chemical or deuxidizing mdiatiuns. In common with all 
other chemists I accepted this view, and proposed to my- 
8*Uf to determine to which of these priuciplets the decom- 
position of carbonic acid and the gi-etning of plant leaves 
are due. 

And first, tf) ascertain if it were the hent radiation^ I 
oonvei-ged, by the aid of a large metallic miiTor, the dark 
or invisible radiations emitted by an imu stove ou some 
leaves placed in water. The gas which was set free wa-s 
nothing more than the water-gas; there was no decom- 
position of carbonic acid. 

In Fig. i'2,a is the concave mirmr, i an inverted flask 
containing the leaves and 
water; it dips into a glass, 
c, also containing water, 
and receives the i"eflected 
radiations of the stove, rfti 

Then I tried a similar 
ex]>ennit>nt, ufsingthe radi- 
ations cniitteil by a bright 
ly bm'ning wootl fire. The 
result was the same as the 
pri-'cediug,and I even push- 
ed tli« cAperiment so far 
that the water became very 
hot, a ]tortion of its carbonic acid effervesced from it, and 
the lea\-es lost their l»right Rrevn color. Still no decom- 
position of the carbonic acid could be detected. 

At this time it was generally received that the essen- 
tial chiiracteristic of the more refraugil>le — the violet — 
rays is that they proiluce dt^^xidntion. In acc(trdance 
with this opinion a name — deoxidizing — iia<l been given 
them. Now since the decomposition of car1x>aic acid is 
ao effect of deoxidation, I was not suii>riscd at the issue 
of the foregoing experiments, and exjiected to find that 
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though the less refrangible rndiations, those of heat, 
^vere inojierative, tho more rcfrangUile, the chemical or 
deoxidizing, would decompose carbonic acid readily. 

But some collateral experinu-nts hud thrown a diffi- 
culty in the way of this coiidnsioii. I had caused seeds 
to germinate in three little closets (Fig. 21, page 172), into 
which, hy means uf panes of coluit;)! glass, or flimiigh 
troughs filled with c()hir«d liquids — red, yellow, and vio- 
let — light respectively could K-e admitted I remarked 
^vith very great surprise that the seeds in the red light 
closet and those in the violet one were jwst as much etio- 
lated as they would have been had they grown in dark- 
ness; those ID the yellow closet proniptly assumed n 
green color, and developed themselves as well as if grow- 
ing under natural circumstances. 

But tlie light that comes through stained glass and 
colored solutions is far from being homogeneous; it coo- 
tains rays of many refrangibilities. I therefore deter- 
mined to attempt the greening of plants and the deconi- 
]>osition uf carbonic acid by their leaves — phenomena 
which, as has been said, are equivalent — in the solar 
spectnun itself. 

I arranged things so as to have a horizontal solar spec- 
trum of sevei-al inches in length kejit motionlejis by a he- 
liostnt. I had previously caused to germinate in a wooden 
box filleil with earth, and of corresponding length, a crop 
of seed*. They were etiolated, or blanched, for the ger- 
mination had taken place iu tlie dark. These young 
plants I placed so as to receive tlie spectrum. Ver^' soon 
those that were in the yellow .space turned gr*H;n, but 
those in the extreme red and extreme violet underwent 
no change, though the exposure might be kept up the 
whole day. 

In Fig. 2^, a a h the box containing the germinating 
seedB, and placet! so as to receive the colored spaces R, 
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O, Y, G, B, I, V — i-eil, orauge, yellow, gi^een, blue, inOiga, 
violet — of the spfctruin. 

Many repetitious of tliis expenment eatisfied me that 
it is tlie yellow and ailjaeeiit regions of tlie spcctnim 
which ocnLsioii the greeninijp of jilaiiU; the hent rays 
and the cheiuicul rays have nothiug whate^*e^ to do 
with it 

Next I attempted the decomposition of carlwnic acid 
in the spectrum, and succcede<l. I read l>efi>i'e the Amer- 
icftii Philosophi'-'!il Society in Philndt-lphia, at its centeu- 
iiial tiulebratlou in 1H43, an necouub uf thi» experiment 
as pultli-^hed in Memoir X. 

lu adilition to the special interest of these experiments 
on plant lllV, tlify hail a very important healing on the 
geueral principles of actino* chemistry. They proved 
that it is altogether incorrect to suppose that chemical 
chanires are liront^ht ahnut l»y the more refnuiLphle rays 
only. They ehoweil that eveiy ray has its prnj^r chem- 
ical function ; for instance, the violet in the decomjKrai. 
tion of compoimds of silver, the yellow in the ease of car- 
bonic acid. And honce I proposed to abandon the con- 
ception of a tri])artite division of the spectrum into heat, 
light, and cheniieal i-adiatioQs, and to designate radia- 
tions hy their wave-lengths, or, better still, by their num- 
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bcr of vibrations — a nictbod now universiiUy adujited iu 
Bpectrum analysis. 

By other ex]>e]-iiueDts — a narrative of which wouUl he 
too long for the present occasion — 1 cstal)lished this 
result: that for any ray to jiroiluce a chemical efftict, it 
must be altsorbed. For instance, when a ray has passed 
through a mixture of ehlonne and bydi-ogeu gases, and 
by causing theiu to unite has produced hydiochlojie acid, 
it can no longer produce the same effect if mnde to pass 
thruugli n second jiortion of the same mixture; its act- 
ing part has l>een detained or absorbed by the fii*st. So, 
too, the radiations which have feUen on a dagueri*eotype 
plate, and impi'Hs-sed their image, ujion it, have lost the 
quality of producing a i«imilai' effect on a second plate 
that may be pliu-ed to receive them. Their active poi^ 
tiou has been taken up or absorbed by the first. 77te es- 
sentiiil preliminary of aU chemical cfianges by ixtdiatioft^ 
is altscyi'ption. 

But it must not be supposed that the rays thus alt- 
Borbcd are annihilated or lost. They are simply held in 
reserve, ready to be surrendered again, undiminished and 
unimj>aired, if the conditions under which they wei*e al>- 
sorted are reversed. They may appear under some other 
form — as heat, electricity, motion — but their absolute 
energy remains unchanged. This is a necessary conse- 
quenc*; of the theory of the Conservation and Cori-ela- 
tion of Force. 

Fi-om this point of view how interesting is that gi^at 
discovery made l>y Angstrom, that an ignited gns emits 
the same rays it absorbs — a discovery tliat explained 
the Fraunhofer lines of the solar spcctruni, and consti- 
tuted an epoch iu the history of sjiectruni analysis. 



I have now presented the facts that are i*efjuisite for 
answering the question proposed on one of the foregoing 
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|)agea; "Whence has the foire which nianifesta itself as 
beat aiul light in a flame 1)et;u tlerivedJ Force caimot 
te created ; it canuwt spiiiij^ forth spontaneously out of 
uothing." 

Tile jiiiswer i^ it came from the fii'jr. 

Under the influence of liis rays the growing plant de* 
composed carbonic acid olitaineil fruni the atmosphere, 
a|>pi<>priiiting its carbon and setting its oxygen fi-ee. To 
actMUiplii^h this decotnjmsition, this Hj»prop rial inn, it was 
necessary that a purtitin of tlie enei^y contained in those 
rays should be ai>sorbed. Associated with thi», the car- 
bon could now form part of the plant, and, indeed, con- 
stituted the solid basis of which it wus coui|iosed. 

But the force thus associateil with the carbon atoms 
was not annihilati'd ; it was only concealed: through 
countless ages it might remain in this Intent state, ready 
at any moment to come forth. All that is requisite is 
to oxidize the carbon, to turn it into carbonic acid, and 
the associated energy, undtT tfie form of heat and li^ht^ 
is flf t free. 

When we read by gas or by the rays of a petroleum 
lamp, the light we use was derived fixini the sun perhaps 
millions of years ago. The plants of those ancient days, 
acting, as plants do now, under the influence of sunshine, 
separated carbon trom the carbonic acid of the atnios- 
pheiv by associating it with the radiant energy they bad 
absorbed, and this wniaintMl for an indefinite time en* 
closed, as it were, in the now combustible niateiial, ready 
to be disengag<'d as soon as the reverse action, oxidation, 
takes place, ivturning then to commingle as heat with 
the active forces of the world. 

Much of what has here been said applies to hydrogen 
as well as to carbon. Ilydi-ogen is derived, under similar 
conditions, from the decomposition of water or ammonia. 
When its oxidation recurs, it delivers u]), under the fonn 
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of heat, the energy it had absorbed. As, however, I am 
here speaking of the source of light in flame*-, \u whii:h 
carbon takes the leading and hydrogen only an indirect 
or subor'dinatf part, it is not nenrsaary to trace in further 
detail the action of tlie latter element. 

A very interesting illustration of the principles here 
nnder consideraliuii occurs in the caH« of the deconr]iosi- 
tion of water hy an electnc cun-ent The constituents 
of the water, hydrogen and oxygen, are set free in the 
gaseous form. But for thein to assume that form they 
must be furnished with caloric of elasticity. The current 
supplies them with this, and, indeed, the decom|M>sition 
can only go on at the rate which is regulated by that 
supply. The heat they have thus assumed remains in- 
sensible in them, imparting to them their clastic or gas- 
eous condition, until tliey are caused to reunite and re- 
form water, when it is at once given up. The jiart that 
is played hy that portion of the electric current which is 
thus transformed intu heat — and furnishing their ea!oi*ic 
of elasticity to the evolving gases is absolutely essential 
to the decomposition — has been hitberto too much over* 
looked by chemists. 

Nature thus offei-s us in the instance we have been 
considering in this Memoir a stnkiug illustration of the 
transmigration of matter and of force. Plants obtain 
cftrlwn fi-ora the atmosphere; it constitutes the basis of 
their combustible jiortions. Sooner or later it siifFei-s o.\- 
idation, turns back into the condition of carbonic acid, 
and is ditfuscil again into the atmosphere, Tbei"e is a 
never-ending series of cycles through which it runs: now 
it is in tlie air. now a part of a plant, now back again 
in the air. And the same is true as i-egards the energy 
with which it was associated. Derived fmni the sun- 
lieam, it lay bidden in the plant, awaiting re-oxidation ; 
then it was delivered, escaping under the form of heal or 
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light-, and reniiiigliHg with the iinivei-sal cosmic foi-ce 
fitjui which it hfttl ln-en of old derived hy the aiin, or 
fi-oui which, perhaps inoi-e conectly speaking, the sun 
himself WHS derived, fur he is the issue of nehulai* con- 
densatiuii, 

I (.jinoot close this Memoir without making reference 
to a point of surpassing iiitei'eat What goes on in the 
case of a Baiue, goes on in the case of au aiiiiiial. Either 
from other aninmls oi- from phuits, conibustiMe material 
is obtained and used as food. Directly or indirectly it 
undergoes oxidation in the system, Vj|*onght about by 
the air introduced through the process of i-espiratiun. 
Speaking in u gt^iu*nil iimjiner, though tliere are many 
inti!rm<;diate ]>roducts, the issue of this cheniictd action 
is the evolution of carbonic acid, ammonia, water, which 
pass into a common receptacle, the atiuospliei-e. 'fheiice 
their ingredients are takeu by plants, and, under the 
agency of the sunlight, combustible material — food — is 
Te-foimed. The same particle is, ther-efore, now iti the 
air, now in the plant, now in the animal, now back again 
in the air. It ^utfcru a peii)etUHl irunsiuigratiuii. 

But in t\w case of an animal the oxidatlun may not be 
80 sudden, so complete, as it is in the CAse of a flame. It 
may, and indeed generally does, go on stage by stage, 
step by step, partial oxidations occuriing. It is thus 
that, from one original hydrocAi'bon, a long catalogue of 
fatty nntl oily sulutaiices may lU'ise; the inevitable issue, 
however, is total oxidation. As the partial dtfgradations 
go on,iu coiTesponding degrees the latent enei-gy or force 
is set free. It may assume any correlated form, as mus- 
cular motion; or, as heat, it may give wannth to the 
body; in certain fishes, as the gymnotns, it may tuni 
into an elet-trical or nerve cnn*ent; in certain insects, 
such as the fire-fly, into light. 

As a cataract is only a form which any river may as* 
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sume if it comes to a preciijitous descent — a form which, 
though it may be oulwanlly unchanging, is interiorly 
never for two successive moments the sanK*, for it is per- 
petually fwl from above and i8 wasting away lielow — so 
the flame of a lamp is only a form, the a8]>ect of which is 
determined })y its environment. The changes it is under- 
going issue in the lihnration, the t*8Cftpt% of force, chiefly 
under the aspect of light and heat. Its life is very trnn* 
sitory. It dies out as soou as the oil that fed it is ex- 
hausted. We hloAv upon it, and it passes into nonentit}'. 
And so, too, with an animal, the a]>pearauce of identity 
it presents is altogether deceptive. At no two succes- 
sive moments are its parts the same. In a very short 
time all the old have been removed, and new ones have 
taken their places. The force that it derived from its 
food has been manifested in vaiious ways, such as mus- 
cular motion or hent^ But the material particles have 
not been desti-oyed ; they have raei-ely gone back into 
the atmosphere, and will l>e used by nature for the fab- 
rication of other |)laut and animal forms over and over 
again. And so, too, the energy they have dis^ilaycd — it 
has not ceased to exist ; the heat, for instance, that once 
vivified them has merely niingle<l with that of the outer 
world, and is ready to discharge its special functions 
again and again. In the world there is thus an unceas- 
ing transmigration of matter, an unceasing transmigra- 
tion of foi'ce. 
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MEMOIR XIL 

EXPEIUWENTS TO DETKKMIXB WnETIIER UGITT PRODUCES 
ANY SIAUNETIC EKFEtlU 

Prom the Joamil of tha Prankliti Inmiiute, Feb., 1835. 

CoKTKSTfi : — ^fri. Sonu-rt'ilfe's experimenU. — ChriatU't tx/jerlauttt.— 
Their retuUi cnnnot Or titb4tantMted. — The rtoUt ray has no tfftci, — 
Blu« tflaaits awl blue riUxws also inr^rc/rM; 

"The more refrangible rays of light are said to pos- 
Beas the |n-operty of rerderiug iron and steel mjignetic 
The existence of this property was fii-st astwri-teil by Dr. 
Morichini of Rome, Other observers subsequently failed 
ill obtaining the same i-esults^ but in the year 1825 the 
fact apiiearwl to be decisively established by the learned 
and accomplished Mrs. Somerville in an Essay published 
in the 7Wni>>actifmft of Oie lioyal St/ciett/. In her experi- 
ments sewing-needles were rendered magnetic by expo!^ 
ure for two honrs to the violet ray, and the magnetic 
virtnc was eonimunieatetl in still shorter time wlien the 
violet rays were conoentmted Ity a lens. The indigo 
rays were found to possess a magnetizing power almost 
to tlie same extent as the violet; and it was obst»rve*l, 
though in a less degree, in the blue and grwn niys. It 
is wanting in the yeHow, orange, and red. Needles were 
likewise renderetl magnetic by the sun's rays tmnsmitted 
through gi-een and blue glass. These results have Ijeen 
venfiwl by M. Zante*lcschi, of Pnvia (^BiU. Univ., May, 
18'2tt). but their accuracy has been doubted by Hiess 
and Moser, who consider that the menuB employed by 
Mrs. Somerville for ascertaining the magnetic state of 
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tbe needles were uot sufficiently exiicL They futiiid tlie 
oscillatiou ut* llie needles to he wholly uiuifl'ected by ex- 
posure to the prismatic coloi-s {UrewsUra Journal, Vol. 
II., p. 225, N. S.). This must still be regarded, tliere- 
foit, as one of the disputed points iu scieuue" (^Turners 
C/temisl/'i/), 

It has bepn 8iipi>osed that thes** contradictory results 
arose eutirely from liHial circuiustauces. A hazy atiuos- 
phei-e, such as is met with iu the northern and middle 
countries of Etimpe:, might perhaps infliieiiee in some 
manner this peculiar pix>])erty of li-^lit when tlie clearer 
sky of Italy permitted the experiment to succeed. Some, 
indeed, have thought thai the oI)servers who were said 
to have verified the alleged results wei-e deceived iu uot 
having previously ascertained the mnguetie state of the 
needles tlicy used. 

Dining the past summer (1834) I have attempted to 
satisfy myself whether the more infrangible rays really 
exert any miigiiiitic Iniluence; and hapiienini^ to reside 
iu the 80Uth of Vii^inia, ou the same parallel of latitude 
as Tunis and the more northerly African kingdoms, 1 
thought the situation too favorable to suffer such an op- 
portunity to i>a5s without ondeavonng to gain some io- 
ibrmation on this contested point. 

In 1824 Mr. Christie found that a needle six inches 
long, contained in a brass compass-box with a glass 
cover, Ruspi'nded liy a hair and made to vibrate nlt^'r- 
uately shaded and exposed tti the sun, came to rest much 
sooner in the latter than in the former case. That this 
was uot occasioned by an increase of tentjierature was 
proved by the needle vibrating more rapidly when its 
temi)erature was raiseil by other means. 

On i-epeating this experiment, I veiy quickly found 
that it dejwnded in a gi-eat measure on the mode of 
suspension of the needle, and its position with respect to 
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the iucideat light, what results would be ol)taine<I. If 
the needle was suspended on a point, or by a thronci 
without torsion, the time and tlie number of vibrations 
were the game whctluT the newHe was exposed to thf 
sunbeam or not. iiut if the needle was susjwnded by a 
hair or other organic substance liaving torsion, the sun- 
beam would ucvasion ii twist iu the liair on its first 
exposure to light; and if the direction of that twist hap. 
peufd to coincide with the diirvtion of the needle's 
motion, the momentum of the needle was increased and 
the vibrations continued longer. A needle which vi- 
brated forty-tour times in one minute would occa-Hionah 
ly, owing to this cause, vibrate forty-«i.K when suspended 
by a hair; but if by a silk Jibre. its vibrations were nl- 
waj*8 forty-four, the first arc of vibration being in every 
instance 4(t'. 

Tiiinking to obtain more decisive effects, T concen- 
trftted the sunbeam with a lens on the south pole of the 
su8i)ended needle, and found that the needle was thrown 
into a rapi<l, tR'mulous motion. But here the hot air 
ascending fn^m the needle acts uptin it as niMin the sail 
of a windmitl; and the same eflfect ought to take plai-e 
to a certain extent on simple exi>08uri? of the half of a 
vibmtiiig needle to direct lights But I found that a 
neetlh: snspendt>il in the vacuum of an air-pump by a 
tbi'ead without torsion is in do way aftected by exposure 
to solar light. 

It is said in the account of Christie's experiment that 
the needle was contained in a brass compass-box. Ic 
micrht hnvo been that electrical currents were excited in 
that box which were the canse of the derangement in 
(pieHtiou. I therefore vibrated a needle under similnr 
circunistances, with the result above stated. I should 
mention that this was done in a solid cylinder or ring 
of brass without any seam or soldered junction; but as 

N 
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compass-boxes are generally made of sheet-brass with a 
soldered seam in the side, it was possible that the fine 
liue of solder acted with the brass as a thermo-electric 
couple, capable of e^ccitaliou by the warmth of the sun- 
beam. I therefore made a compound cylinder, half of 

copj>er, the other half of zinc, c z. 
Fig. 24, the edges of which, at a 
and ft resjK^tively, ai-e soldeixni to- 
gether, one junction, ft, being pol- 
ished, the other, a, blackened. The 
needle was suspended in an ex- 
hausted receiver by a silk iilii-e, y, 
^-- and a ray of light, (/, coming from 
-"""'^ an aperture half an inch wide in 
the shutter fell upuu the junction. 
The needle used in this ex]>erimeut 
was of watch-spring. Its first vi. 
bratiou was performed iu an arc of 40", and when the 
compound cylinder was taken away it made thirty-two 
vibrations in sixty seconds iu vacuo. On placing it con- 
centrically with the compound cylimlur, and suffering 
the ray to impinge on the pi^tislied junction, the nLomeut 
that the arc of vibration had become 4i»^ the nmnber of, 
oscillations in one minute was observed ; six c\]>eriments' 
gave severally thirty-two. On turning the blackened 
junction to the light the lesult was still thirty-two, and 
on substituting the solid Inass cylinder thi-ee consecutive 
trials gave thirty -two. The thermometer stood iu the 
sunshine at 103". 

By some this magnetic action of light has been at- 
tributed to the violet or moi-e refrangiVjJe rays oulj'. A 
needle of watch-s]iring about four inches long, which in 
an exhausted ivceiver suspended by a filament of silk 
exhibited no polarity, had one half exposed to the violet 
I'ay dispersed by a fiint-glass jirism. This ray was sepa- 
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riited flora othere of the spectrum by passiug tbiotigli a 
slit in a metallic scifeii, aud lialftlit* iieeiUu was screened 
fi-om its action l>y a ])ie«i of \m\w\\ After two liuurA* 
ex|HJsuro to the sun it was siijipenilcd again in the ex- 
hauslL*d receiver, but still sliowetl no polarity; it was 
then exposed to the other i*ays successively, with the 
same result. The needle was now slightly touched, and, 
rilowly viliratiny, arranged itself in the magnetic merid- 
ian. The first vibration was perfonned in a semicircular 
arc, the number of vibrations in one hundred seconds 
was twenty-seven. Hut after four hours' exposure to 
the violet ray, as befoi*, no evidence of any change 
either increasing or dimiiiitihiiig the number of oscilla- 
tions could be obtained. A beam of violet light passing 
through a disk of staiued glass was concentrated on one 
end of a aewing-nee<llc Viy means of a lens without pro- 
ducing any change in the number of vibrations made in 
one minute. This needle on some occasions would, how- 
ever, give different result^s: when its iii'st vibration was 
performed in a st-micircle, the number varied from forty- 
one to forty-three in sixty seconds. On vibrating it in 
vacuo, its results uniformly gave the latter uundier very 
nearly. 

The position of the needle to the incident ray is not 
of any consenuence, whether it receives it obliquely, in 
the directiou of the light, or across it. If soft iron be 
substitutetl for steel, the results are still negative, even 
if the needle be arrnni^ed in the magnetic meridian, the 
line of dip, or any other position. I therefore came to 
the conclusion that the violet ray exerts no influence on 
the magnetic needle, and that all the other rays are 
equally ineit. 

But as Mrs, Somerville found that a needle placed 
under a piece of glass or blue ribbon, having half its 
length protected by paper, Ix-canic in a short time raog- 
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netic, I tiied the same experiment, but in every instance 
&iled to make the needle magnetia When suspended 
hy a silk fibre in vacuo needles showed no disposition 
to arrange themselves in any particular direction, and 
when they came to rest were found cutting the magnetic 
meridian at every angle, though the temperature of the 
sunbeam to which they had been exposed on one occa> 
sidn was 124^ Great care was taken to ascertain the 
previous non-magnetic state of the needles, and they 
were suspended by a fibre without torsion. 
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MEMOIR Xm. 

AH" ACCOtTNT OF SOifE EXPERUrESTS OS TltE LIOIIT OP 
TUE SDX, UAUK tH THK 60CTU UP A'lltGIXlA. 

Absimct rrom lh« Journal t>t the KranVlin Iiwliluto of rhUkdrll>liw for Jnnv, Jnlr, 
Augusi> Mitt ije{4«mticr, 1837; itiilvMipUkul Mssuine, >«b., lt«lU, 

M-^ Ahtorption af tumtnouM radtatuM».— The nfertnre irptc- 
Irvm. — Absorption of heat ruJiatioHM ; M« apparatus rmpioytd. — Ab- 
rorplion of thtrnkai rtulialiona. — Serten of Immittt of ihlvtr.— Cvtor- 
atioH nf fkioridt owl bromidt of »itt>er btf roAmtioM thnt havf paatd 
Ifirottffk eorrrirpondinfftif colored miution*. — Karly appfiralha of pko- 
lographtf to tht inmiiifatioH of phi/sical prQbtema.-^Crjf9l<Ulualion of 
camphor totmrdt tht light. — Tht aide of veutU toMirdt the »ty it the 
evtdcr. 

If a beam of the suu'a light be passed through a so- 
lution of chi*oniate ofpotassa, it can no longt^i- blacken a 
piece of sensitive juiper — pajwr coven^l over with clilo- 
ride or bromide of sil^-i-r. If the light which has thus 
passed through a stratum of this liquid be oonvei-ged by 
menii3 of a lens, the chloride of silver will remain for a 
long tinui witliout cliange in the fociiSL 

I mmle uiauy such experiments with a view of deter- 
ntiiiing the effect of absorbent media on the luminous, 
ealorifir, and chemical rays. Such, at that time, was the 
accepted subdivision of the solar radiations. A niy of 
the sun was caused to pass through a trough with jwrah 
lei sides containing the absorbent solutions, and for the 
sake of exactness a reference spectnim was employed, 
such as is now used in spectroscopic experiments. In 
this manner the particular lumim)nH rays absorbed by 
auy ^ven solution could be detenuined, the absorbed 
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heat-rays could be ascertained by an air-thermometer, 
and the acting chemical niyH by papers made sensitive 
by chlorido of silver. 

Into a darkened chamber, the shutter of which is rep- 
resented in section at A A, Fig. 25, a beam of the 8un*8 

^ light is made to pass hon- 
\f zontally by means of a mir 
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ror of si] vei-ed glass, B. The 
mirror I use is one belong- 
/^ ing to a solar microscope, 
and by turning the milled 
sci"cw8,ee, itcan be brought 
into any position retjuired 
to Ihi-ovv a beam horizontally into the room. A brass 
tube, /', two inches iu dianifter, can be screwed into tho 
position figured. Thei-e Is also a lens, ff, Fig. 31. which 
may be intniduced ; its fuiMia is nine inches, its diameter 
about two inches, and the diameter of the suu^s image it 
gives nearly -|V of an inch. 

A piece of sheet-lead about a quarter of an inch thick 
is to be cut into the form of a hoise-shofi of such size 
that a circle one inch in diameter may be inscribctl in it. 
Upon this lead two pieces of glass are cemented, so ns to 
fomi a trough for containing liquids. In Fig. 2t>, a a is 
the wootlun basis or foot of the trough ; 
e c c, the leaden horse -shoe; A b, the 
glass plates. 
A thin metallic plate three or four 
^~y inches sijunre, having a longitudinal slit 
* in it almut an inch long 
and T*jj of an inch wide, is 
to be provided. In Fig. 27, a a is the slit. 
The lens, fl,r^g. 31, having been removed, 
a beam of light is thrown horizontally into 
the room, as at Fig. 25 ; the slit, Fig. 27, 
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beiog placed as at a, Fig. 25, a narrow 8ti*eak of light 
passes through. The trough. Fig. 26, is then placed 
behind in such a position that half the light coming 
through the slit may pat^s through tlic 1ii[uid m the 
trough, and the other half pass by its side uuinttrccpted. 
Behind the trough is placed a flint-glass prism, as in Fig, 
25, and further still a white pnsteboai-d sci^een,/; a w 
the slit jilate, /* the trough, d the prism. 

The action of this aiTatigemvnt is as follows; The 
beam of light cast by the mirror into the room h inter 
cept<?d, except the small portion that passes the slit. Of 
this a part passes through tlu' trough and a part on one 
side of it. Two beams of light, thi^refore, fall on the 
prism, one of which has passed through the trough 
and sulVerud absorption, the other has not. There ni-e, 
therefore, on the past<;boai-d screen two spectra side 
by side. 

Supiwse, for example, that the trough is filled with 
distilled water; the two spec'tra on the screen are alike, 
as in Fig. 2H, If it be fillp<l with a solution of chrmuat** 
of piitjmsa, in that coming from the light that has passi-il 
through the trough the blue, indigo, and violet rays ai*e 
missing, as in Fig. 2fl. If the trough be filled with am- 
moniasiilphate of copper, tho nnl, tli« orange, the yellow 
have disappeared or been absorbed, as in Fig. ')0. The 
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reference or undisturbed spei-trnm enables us to det«r 
mine what rays have been n)»sorbvd with precision. 
For the investigation of the absorption of heat the 
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following flppniAtus was used. The miiTor being placed 

on the shutter, as in Fig. 81, a 
planoconvex lens, a, is sci-ewed 
into the tube so as to bring the 
i-ays to a tbcns on one of the 
bulbs of a delicate differential 
tberiuometer; this gives the heat 
of the suiibeaiii as couceiitratod 
.by the lens. To find the effect 
of any liquid medium in absorbing heat-rays, the ti-ough 
Blled with the substaiKn! under trial is placed as at c, 
Fig. 31. The cone of rays, converging from the lens, a, 
on the blackened bulb, b, fornix* an image upon it, and 
the diffei-ential thermometer yields a cori-csponding in- 
dication. In tiyiiig dilfereut solutions the same trough 
is always to be used, so that tlie solutions may always 
be of the same thickness. It is also requisite to cover 
the thermometer with a very thin shade of clear glass, 
tf c, to prevent disturlmiice fi-om aireui-rents. 

I may select as exanqtles the fnUowiiii;: A solution of 
sulphate of copper aud ammonia, absorbing the red and 
yellow light, trnnsmitted twenty rays out of every hun- 
dred that fell on it>. 

A thin stratum of pitch enclosed between two plates 
of crown-glass, and transmitting a homogeneous retl 
lights but aV>8orbing all the other colora of the spec- 
trum, allowed only 19 per cent, of the heat to pass 
thmugh it. 

In examinations of the transmis&ive powers of vapore 
and gases, a cubical bottle was used instead of the 
trougli. The vapur of iudiue wiw thus found to absorb 
two thirds of the ht^at fniling on it ; but the same bottle 
filled with nitrous acid, and which, therefore, was in a 
stratum of the same thickness, permitted much more 
heat to pass. 
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For the investigation of chdiuical raOiatioiis, tht're was 
placed upon the screen,/* Fig. 25, a paper covered witli 
bromide of silver. It darkened in tliose parts on which 
the moi-e refniugihle rays tell. 

Or, having removed the differential thermometer and 
its shade, Fig. SI, the cone of light converging flora the 
lens passed through a solution of sulphate uf copper and 
Rminoiiiu in tlie trough, and a piece of paper painted 
with ehl(»ridt! of silver was placed so as to receive the 
focus. Thou2:h but little lieat was transmitted through 
the solution, a dark spot was at once produced charac- 
teristic iif the blackening of the silver salts })y the sun- 
rays. Thougli, therefore, this double salt transmits the 
rays of heat with difficulty, the rays of chemical action 
pass with facility. If in the trough there be placed a 
strong solution of bichromate of i>ota83a, a far gi-eater 
(quantity of light wilt ]>flSB, and much more heat: but a 
pajier painted with chloride of silver being placed in the 
focus, jiu cJufmical ehantjH whatever j/oes on^ the chloride 
retaining its usual wbtttness. 



Note. — The foregoing experiments were made be- 
tween 1834 and lb37. The reader of this volume must 
not I'cgnrd them from the pi-esent elevated view of Uadi- 
ations. At that time very little respecting these radi- 
ations was known. They present to nie pei-stnudly this 
point of interest — that they were the beginning of a 
series of researches to which I devoted many subsecjucnt 
years. 

The following is a list of solutions possessing an ab* 
soi'ptive action on the more refrangible or chemical radi- 
ations : 
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HyJiiiiilyfc r |i>ffa^ 

CUoridcoTioJd, 
Chlorii* of plaliana. 

It 19 to be remnrke*! thnt nil tbese solnttons are yel- 
low. I also foiinil thnt a c^reat many vegetable colored 
infusions, especially those which ha<l a yeUow tint, woald 
in like manner absorb the chemical ray». 

\Vhen pieces of pajHT coveretl with chloride or bro- 
mide nf t^ilver were exj>osed to a Warn which had pa^ed 
through a solution of red sulpho-cyanide of iron, the 
pa|ier became of a brick-red color; if to a beam which 
had paf>5ed through a solution of aniiuonia-sulphate uf 
copper, it btcanie of a bine-brown; and on exposing a 
piece for five days to light acted on by bichromate of 
{fotassa, it became perceptibly of a faint yellowish green. 

A beam which lia-s passed through bichromate of po- 
tassa docs not cause the union of a mixture of chlorine 
and hydrogen. I kept such a mixture for several hours 
in it, and could not iwrx-eive any cliange, 

liittcr assfiHed that the opposite extremities of the 
spectrum possess opposite powers of chemical action ; he 
states that phosphorus will emit fumes in the red ray, 
but if the violet be thrown on it, it ceases to smoke. 
This experiment I i-epeated often, and under favorable 
circumstances, but could not make it succeed. 

I could succeed, however, in showing very beautifully 
the inteiference of that class of chemical rays which 
' bliwken chloride and bromide of silver, but failed for 
want of proper apparatus in ti-ying to produce their 
polarization. An electric current circulating in a wire 
docs not seem to have any influence on these chemical 
rays. I found that the same neat niaguifieil image of 
the wire was obtained on chloride paper when it was 
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placed ill a beam diverging from n luns, wbether the 
curi-ent was made to pass or was etupped. 




I 



Note. — TTiese were instances of the application of 
photography to the eolotioii of physical pi-oMems long 
before the announcement of the discoveries of Daguerre 
or Talbot. 

The following are some mechanical results of solar 
light: 

(a.) Having made a large air-pump jar clean and diy, 
ft few pieces of camphor were placeil on the plate of the 
pump, and the jar exhausted. The pump and its re- 
ceiver were then set in the sunshine, and very soon all 
that side towards the sun was covered with crj'stals; but 
few or none wen; on the farther side. 

(h.) A torrii^Mian vacuum having been made in a 
tube half au iiicli or more in diameter, and upwards of 
thirty inches long, a tragnient of camphor was passed up 
through the mercury into it. The tube might be kept 
for any length of lime in the dark without anything 
happening, but on bringing it into the beams of the sun 
crystallization in a few minutes took place on that side 
of the tube next the luminary. 

(r.) On the inside of an air-pump 
jar a circle oftintbil an inch in diam- 
eter was pasted ; and having ojwr- 
ated as in e.v|M>riment (a), that side 
was exposed to the sun. Crjstals 
soon formed, but the tinfoil pititected 
the glass in its vicinity, and none 
were found within a certain space 
round the metallic circle. Fig. !i2. ng.». 
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(d.) Crj'stalUzation is not necessanly connected with 
these results; the vapor of mercury in a torncellian 
void if* cemdensed towards tlie light; so also the dew 
which setthw on the inside of a jiir containing water 
is always on the aide nearest the window. The rays of 
the siiu have aUo the j>ower of deconi|)Osing chloiide of 
gold ; the metalline spangles ai*e dej)o&ited on the side 
of the glass nearest to the light. 

Artificial light gives none of these results. 
(e.) Having removed the piece of tinf'>il used in ex- 
periment (f), it was placed on a stand in front of the re- 
ceiver; it hindered cry stul ligation taking place on the 
parts on which its shadow was cast, and also fwr a cer- 
tain space in the vicinity. 

{/.) A piece of tinfoil was placed Tjefore a jar that had 
l>een ah-eady coatetl with crystals. It i-emoved tdl those 
crj'stals that were within its shadow. 

(j/.y Instead of using a piece of tinfoil as in experiment 
(c), the j-eceiver was made hot, and a piece of resin 
rulibed upon it, so as to leave a transpnient circle of 
that substance on it. On exposure to the light it waa 
found that the resin could uot protect the glass. 

(A.) Along the inside of a vessel about to be exposed 
to the sun a glass rod was rubbed. Rtiws of crystals 
were deposited on the lines described by the end of the 
rod. But the vessel must be very dry for this exi>ei'i* 
ment to succeed. This curious fact was first 
observed in the case of an exhausted vessel 
having a small siphon gauge shut up in it', 
the extremity of which ix-sted against the 
glass. By accident the gauge was moved 
half round the glass, and shortly afterwards a 
line of crj'stals was observed coinciding with 
the line of motion. The appearance was such as is rep- 
resented in Fig. 33. 
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Now can we explain these singular results, excepting 
the last, on any other known principle than this: that 
the side of the jar nearest the sun radiates freely the 
heat it i*eceives back again, while radiation is inteifei-ed 
with at the other side ? that, in point of fact, the anterior 
side is the colder, and the other side the hotter? 
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£XAaU2(ATI0K OF THE PBOC£88 OF DAGUERKSOTrPE. — 
NOTE ON LUNAR PHOTOORAPIIT. 

From tlw PbitoHophical Hojiuine, Sept., 1840; Smiilisuniiiu Coiitribuiimifl lo 
Knuwledite, No. IdO. 

C0STKKT8 : — Dtseription of thr yroeett.- — Cevse 0/ the deposHioH of mer- 
cury and produelion of tkt tight p/trl» of tht jtictare. — Polithing of 
the plait. — Tht operation (^iodising. — Efftrl of keeping the iodide. — 
The achromatic lent. — ReducttQa of fwol frngth in the Moit'aehrO' 
malic. — The tUcelopment. — firing hg hy/HuiulphiU and tfalvaattm,-^ 
Keetstity of hrnting the plates. — Lunar impreaatdas. — Artifeial light. 
— A off on tunar photogntphg — The jirsl photographt of the moori. 

More than one. Iniinlred instances are reconled in Ber- 
zelius's Cliemistry in wbicli the agency' of Wi^ht briogi^ 
about changes in bodies; these are of all kinds: for- 
niatirtiis of new coiupoiiuds, re-arrangements of elements 
already in nnion, changes of crystallographic character, 
(lecompositiuns, antl mechanical motlifications. 

The process of tlie daguerreotype is to expose a sur- 
face of pure silver to the action of the vajtor of iodine, so 
as to give rise to a jM-trnliur iodide of silver, which nnder 
(^I'tain circunistaneej* is ex(!eedin£;ly sensitive to light. 
The different operations of polishing, washing with nitric 
BL-id, exposure to heat, etc., are only to secure a pure silver 
suiface ; the operation of hyposulphite of soda, and the 
process, which I shall presently descnbe, of galvfinizn- 
tion, are to free the plate from its sensitive coating, and 
in nowise affect the depth of the shadows, as some of 
the French chemists at first supposed. 

There is but one part of the dagueiTeotype wbicli 
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does not yield to theory: on one point uloue there is ob- 
scurity. Why doea the vapor of mercury coudtruse in a 
wliite form on those portions of the film of iodide which 
have been exposed to the influence of light? — condense 
to an amount almost proportional to the ijuautity of 
incident light? 

Even on this point there are facts which appear to 
have a bearing. 

((/.) It has long Iwen known that if a piece of soap- 
stone or agalmatolite Iw made use of as a {HMieit to write 
with ou glass, though the letters that may have been 
fonned are invisible, and though the surface of the glass 
may subsequently have been well cleaned, yet they will 
come into view as soon as the glass is breathed on. 

(/>.) I have ofteu notice<l that if a piece of verj- clear 
ami cool glass, or, what is better, a add pi>lishe<l metjdlic 
i-eflector, has a tittle object such as a piece of metal laid 
U|K>n it, and the surface be bivathcd over once^ the object 
being then carefully removed, as often as you breathe 
again on the surface a sjiectral image of it may be seen, 
and this singular phenomenon may be esfhlbited for 
many days atYer the Bi-st trial was made. 

(c.) Again, in the common experiment of engraving on 
glass by hydi^ofluorie acid, if the vapor has been very 
weak, no traces will be pereeived on the glass after the 
wax has been removed ; but on breathing over it, the 
moisture condenses in such n way us to bring the object 
into view. 

(<l) In a former Memoir (XIII.) I described a phe- 
nomenon relating to the crystallisation of camphor ou 
surfaces of dry glass, ou which invisible traces have 
been made by the pressure of a glass i-otl ; this also ajv 
|>earH to belong to the same class of eftects. 

BerzeliuB (TmiW, Vol. II., p. 186) has attempted to ex- 
plain (a) and (c) ou this principle, that the changed and 
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urichange*! surfaces radiate Iient unequally. Them may 
be stmiig doubts as to the correctness of this, but 18 not 
the daguerreotype due to the same cause, whatever it 
may be 'i 

We must separate carefully the cLemieal changes 
which iinlitlc of silver niulergoes in the sunbeam from 
the mechmiical cliangt^s winch linppen to the sensitive 
film: iodide of silver turns black in the solar ray — the 
whole success of the dajfueri-eotype artist depends on 
his checking the process before that change shall have 
supervened. 

The coating of iodine is not Immediatdy necessar)' to 
the production of images by the mercunal vapor. The 
condition seems to be traceable to the metallic surface. 
If you take ii dngnerreotype, clean olf the mercury, polish 
the plate thoi-oui^hly witli rottenstone, wash it with nitric 
acid, and bring it to a brilliant surface, yet if it has not 
been exposed to heat, the original picture will reappear 
on ex|>i>sure to the mercurial vapor. Is not this a result 
of the same kind as those just referred to il 

A8 a polishing material for the dagueireotype plate, 
coninmn rotteiistone and oil answer very well. The 
plate having been ]ilanishe{l ])y the workman, is to be 
rubbe<l down to a good surface, and as high a {xilisli 
given to it as possible; it is to be heated and washed 
with nitric acid, as indicated in the French account, and 
finishe<i by being rubbed with whiting {creia pnepa- 
iHiid) in the state of a very fine powder, going over it for 
the last time with a piece of clean dry cotton; this 
gives an intensely black lustre, that cannot be obtained 
by wttenstone alone, and thoi*oiiglily removes any film 
which nitric acid may have left. 

To coat with iodine, I make use of a box about two 
iuches deep, in the bottom of which that substance in 
coarse dakes is deposited; no cloth intervenes, but the 
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eilven'd plate, with a temporan," handle ftttachctl to it, is 
brought within half an inch of the crystals, uuil it be- 
comes perfectly coated in the course of fmin one to three 
minutes; no metallic strips are necessary to insure thia 
effect ; if the edges and cornel's are thoroughly clean, the 
golden hue will appear uniformly. 

51, Dii^uerre i-ecoiniuentls that the plate, after being 
iodized, shall be placed in the camera without loss of 
time. The longest interval, he says, ought not to exceetl 
an hour. "Beyond this sjvace the action of the iodine 
and silver no longer ]^>ossesse8 the I'eq^uisite photogenic 
properties." 

There may be something peculiar in the preparation 
of the plate as I have desciibed it, but it is certain that 
this observation must be received with some limitation. 
A plate which has been io4Hzed does not ap|>ear so 
quickly to lose its sensitiveness. On the other hand, by 
keeping it iu the dark for twelve or twenty-four hours, 
its sensitiveness is off4in remai'kahhf incrfftJted. Other 
advantages also accrue. Those who have made many of 
these photogenic experinients will have had fj-equent oo- 
^easion to ivmark that the film of iodine is not ei)ually 
sensitive all over, that there are spots or cloudy places 
which do not evolve any impivssion, and ofu-n the >vhole 
is ill that condition that the bright parts alone come out, 
while the parts that are in shadow do not evolve con'e- 
Bpondingly, nor can they Ih' well developed, except at the 
risk of solarizing the picture. Now a plate that has 
l>een kept for several hours is by no means so liable to 
these effects: I do not pi-etend to give any reason tor 
this,1mt mei-ely mention it as a fact, of considerable im- 
portanoe to the travelling dagtierreotyper ; he will find 
that the iodino does not lose its sensitiveness in many 
days. 

In a paper read before the Royal Society, Herschd 

O 
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states that there is an absolute necessity of a nerfect 
nchi'omnticity in the oIiject-glnsK of a photographic cam- 
tra. M- Daguen* appeal's to have been \inder tlie sarae 
impression, and i-ecommeuda iu his published account 
such an objectrglass. 

AJl the rays of light, mth perhaps the exception of the 
yellow, leave an inipi^easion on tlio iodide of silver. The 
less refrangible rays, however, act much more slowly 
than those at the opposite end of the spectrum. In the 
conimnn kinds of glass, the most eiiei^tic action takes 
l}^!^; in the indigo, or on the boundary of the blue; 
Now the retina receives an impression with equal facility 
from each of the different rays, the yellow light acting as 
(iuickly upon it as the red or the blue. Vision is thei-e- 
fore perfunned independently of time, the eye catching 
all the colore of the spectrum with equal facility and 
with equal speed. But it is not so with these phott> 
genie pR'parations. In the action of light upon them, 
time enters as an clenirnt ; tlie blue ray mny have effect- 
ed its full change, while the red is yet old) beginning 
slowly to act; and the red may have completed its 
change before the yellow has made any sensible inipivs- 
sion. On these principles, it is plain that an achromatic 
object-ijlass is by no means essential for the pi-oduction 
of fine i)hotographs; for if the plate be withdrawn at a 
certain peno<l, when the rays that have a maximum 
enei^y have just completed their nctlon, those that are 
more dispersetl but of slower effect will not have had 
time to leave any stain. We work, in fact, with a tern. 
porary monochronuitie light. 

Upon these ju'inciples 1 constructed the camei^a I am 
in the habit of using, with a double convex non-achro- 
matic lens. Some of the finest proofs were pi*ocured 
with a common spectacle lens", of fiuirteen inches fnciis, 
AiTangeil at the end of a cigai'-box as a camera; a lena 
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of this diameter aiiswere very well for plates four iticlies 
by tliree, i-eproJuciuj; the objects with th« most admi- 
rable finish, copper-plate cngrnvings hv\ug rej>i'es*;nteJ ia 
tlie iiiiiiut^'st particulars, and tlie marks of the tuul hn- 
coming 4uite distinct uuUur a nuiguitier. 

In tbi^ instance, it in true, owing tu the magnitude of 
the focal length cornjmnHl witli the ajwi-ture, but little 
difficulty ensued from chromatic aberration; but when 
with the same focal length llie aperture is ioci-eased to 
three ur four inches, the dispersion becomes very sen* 
sible, and yet good proofs can be procured by working 
iu the method hoie iudicatetl, the chief difficulty then 
arising fwm spherictU aberration. 

It has already beeu stated that the ray of ninxinium 
action for tlie dagueri-eotype, when colorless Fi-eneh 
plate-glass is used, lies probably A\itliin the indigo space: 
it therefore follows that the length of the camera should 
he diminished, after arranging it to the luminous focus. 
The inipoi'tance of this has been jiointed out in a paper 
by Mr. Towaon; 1 was, liowever, in the habit of using 
that adjustment before reading the suggestions contain- 
ed in his conununicatiun. The amount of shortening to 
be given to the camera, where the lens is fifteen inches 
focus, docs not coninionly exceed three tenths of an inch. 
If the luminous focus bu used, the proof comes out indis- 
tinctly. 

In the subsequent j>i*ocesa of mercurializing, it is of lit- 
tle imjMjrtance what the angular position nmy )>e, S*n-- 
eral experimenters were for a time un»ler the idea that 
an angle of 45" or 48" is a necessary inclination, in order 
that the plate should take the vajxtr; this arose froni a 
misinterpretation of the j)rinted account. Plat*^ mercu- 
nalize equally well in a liorizontal as in any other |>osi- 
tion; perhaps a alight inclination may be of advantage, 
in allowing the vajwr to flow with uniformity over the 
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iodized surface, but tlie chief use of au angle of 45" is to 
allow the operator to inspect the pi-oeess through the 
glass of thts mercury- box. 

Souititinieii it i» atlvautageous to heat the mercury & 
second time, when the proof is not distinctly evolved at 
fii'st. Indeetl, it occasioualiy happens that a proof which 
did not evolve at all at fii^t will coiue out iiuito fairly 
on raising the teiiijvernture of the mercury ngain. 

M. Diiguerre rwommeiuls two iiiethods of removing 
the sensitive coating fryni the plate — by washes of hypo- 
sulphite ufsodn, and by a suhition of conimuu salt. The 
former anawei-s ]wrfeeL]y, ihe sfcond unly indifl'erently 
well. There ii?, howBver, another pixjcess, which is veiy 
simple, and has au advantage over the former of these iu 
cheapness. It adds nut a little to the magic of the whole 
operatiuu, in the eyes of those who are unaccustomed to 
chemical results. The plate, having been di])ped into 
cold water, is placed into « solution of common salt, of 
moderate strength ; it remains without being acted upon 
at all; but if it be now touched on one curner with a 
piece of zinc, which has been scraped bright, the yellovv 
coat of iodide moves off like a wave and disappeai-s. It 
is a very pretty jHweas. The zinc an<l silver forming 
together a voltaic couple, with the j^alt water intervening, 
oxidation of the zinc takes place, and the silver surface 
commences to evolve hydrogen gas; while this is ina nas-^ 
cent condition it dec4nupuses the film of iudide of silvtir, 
giving liste to the production of hydriodic acid, which is 
very soluble in water, and hence instantly removed. 

This pi-ocess, thci-efore, diffei-s from that with hyposul- 
phite. The latter acts l>y dissolving the iodide of silver, 
the former by deeomjH)sing it. It is necessary not to 
leave the zinc in contact too long, or it deposits stains, 
and in large plates the contact should be made at th« 
four cornel's aucceasively, to avoid this accident. 
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After tlie pi-oof h wanhud, all the defects ia the prep- 
aratinD of the plate become appan-nt. If a film of mer- 
cury lias existed on it, due to its not baving been burned 
sulBcietUly loiii^, there will be found n want of dii^tinct- 
ne«8 in the shadows; or if the plate has not been burn- 
ed at all, perhaps the former impresaions ^y\\\ reappear. 
This accident fi-equently happened in my earlier trials, 
when care had not bci-n tnkon to give a due exposure 
each time t<i the spirit-flame. Spectral appeamuces of 
former objt^ts, on different pai'ts of it, eniei^ed — an in- 
terior unth Paul Pry coming out, when the camera had 
been poiiitml at a cliurch. 

There is no difficulty in pi-ocuring impressions of 
the raoon by the daguen'eotype beyond that arising 
from her motion. By the aid. of a lens and a heliostat, 
I caused the moonbeams to converge on a ]flate, the lens 
being three inches in dijimeter. In half an hour a vi-ry 
strong impression was obtained. With another arrange- 
ment of lenses I obtained a stain nearly an inch in diam- 
eter, ami of the general figUTL* of the mmm.in which the 
places of the dark spots might be indistinctly traced. 

An iodized plate, Ijeing exposed for fifteen seconds 
only close to the flame of a gas-light, was very distinctly 
stained ; in one minute there was a very strong impres* 
sion. 

On receiving the image of a gas-light, eight feet dis- 
tant, in the catnera, for half an hour, a good representa- 
tion was obtained. 

The flame of a gas-lamp was arranged within a mogic- 
lanteiTi, and a portion of the image of a grotcsipie op 
one of the slides received on a plate; a very good repre- 
sentation was procui'od. 

With I>rniiirti(>n<rs light, and the rays from a lime-jven 
in the oxy-hydi-ogeo blowpipe, the same wsults were ob- 
tained. 
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Note on Lunah Piiotookaphy. — To the foregoing 
pariigiapli respecting photographs of the moon, I may 
here aiid an extract from a publication by my sod, 
Dr. Ileiny Diaper, in the SoiUh^ionUtn Contributions to 
Knowhdije, No. 180, p. 3a, entitleil, " On thw Construction 
of a Silvered Glass TelescojH*, and its Use in Celestial 
Photography :" 

"Xlie first photographic representations of the moon 
ever uiatlo were taken by my fathei-, Pmfessor John W. 
Draj)er, and a notice of them pnblishetl in his quarto 
work *On the Forces that Oiganize Plants,' and also in 
the Septcml)er numht'r (1840) of the London^ J'Jdin' 
bnrtjh^ and Dnhlia Philomphival Magazine. lie pre- 
sented the specimens to the New York Lyceum of Nat- 
ural History. The Secretary of that asaot-iHtion has 
sent me the fnllowirig extract from their minutes; 

"* March 3:Jd, 1H40. Dr. Draper announcwl that he 
had succeeded in getting a representation of the moon's 
suifuce by the daguen*eotype. . . . The time occupied was 
twenty minutes, and the size of the figuiv about one inch 
in diameter. Dngncrre had ntteniptfd tlie same thing, 
but did not succeeil. This \n the fii-st time that any- 
thing like a distinct representation of the moon's sui-fnce 
has been obtained. — Robkut II. Bkownne, i&trrefoH'y.'" 
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5IE5IOIR XV. 

ON TllK TAKINO OF POKTRAITO KEOJI LIFE BT PUO- 

TOOK A PHY. 

Won ih« P1illM0|)btc«l MigulDS, Sepunbir, iSM. 

Coktkxtb: — Ifiatory of tht inwAtiot^. — Firtt attempts Ifj/ vhilenmff tkt 
/net. — i'lit 11/ rfjtrttinif mirrort. — f/w o/'a hhif-foinred trough, — Kind 
tij rximera netrsmry, — The «o( or supporl. — 7'kr. (mckyrvuHii. — Ap- 
projmale drtstev. — Laditf dreines. — ArranyemtHt of fAc •Aorfow.— 
Re/ecllnff eatntra. 

Historical Note. — Tins Memoir contains tlie fiist 
puhlisliL'd description of the pi*ocess for taking daguei- 
i-eotype portraits. Of lutf, since the iutixxJuctioD of col- 
lodion, this art bus been much cultivated and improved. 
Jt uow furnts an inipurbmt branch of industrial occnpa- 
tioo. That it was possible by photogenic pi-ocessea, suoli 
as the daguerreotype, to obtain likene.sses fmui the life, 
was first announced by the author of this volume in a 
note to the editors of the J^/iiloffophicalJJa^raziue, dated 
MaR'h 'M, 18-10, as may be sten in that jouinal fur June, 
Il:)4U,p. uHf). The first {>ortrait9 to which allusion is made 
in the following Memoir were produced in 1839, almost 
immediately after Daguerre'a discovery was knoyru in 
America. 

lu the Efiiiiburgh Jievfew for January, 1843, there is 
an important article on Photr^raphy. In tliat the in- 
vention of the art of taking photographic portraits is 
attributed to its true soui-ce — the author of this book. 
It says: "IIo was the first, we Ijelieve, who, under the 
brilliant summer auu of New York, took portraits by 
the daguerrcotyjx;. This brunch of photography aeema 
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not to liave been regarded as a possible application of 
Daguene's inveutioti, and no notice is taken of it in tbe 
i-epoi-ts made to the Icgislntivo bodies of France. We 
have been told that Dagiieire had not at that peiiod 
taken any portraits; and when we consider the penod 
of time — twenty or twenty-tive minutes — wliicli was 
then deemed iiecessiii*}' to get a dague.rreotyjte hnidsotijMi, 
we do not wonder at the observation of a French author, 
who describes the taking of portraits as ' Toujour^ un 
terrain un pea fnhuhujx pour h Datjuerreotyi>e,^ '* 

Very soon after M. Daguerre's remarkable process for 
phutugt-uic drawing was known in Amenca, I made at- 
tempts to accomplish its application to the taking of 
portraits from the life. M. Arugo liad already stated in 
his address to the Chamber of Deputies that if. Da- 
guerre expected by a slight advance to meet with sue* 
eesa, but as yet no aceouiit had reached us of that object 
being attained. 

In the first experiraents I made for obtaining portraits 
from tlie life, the face of tlie sitter was dusted with a 
white p(nv<li'r, under an idea that otherwise no impres- 
sion could be obtained. A very few ti-ials showed the 
error of this ; for even when the sun was only dimly 
shining there waa no difficulty in delineating tbe feat- 
ures. 

When the sun, the sitter, and the eaniem are situated 
iu the same vortical |)lane, if a double eunvex nonaehi-o- 
niatic lens, four inches in tliameter and fourteen in focus, 
1)6 empl(iy«?d, perftfct miuiatniea can be obtained in Ute 
open Hir^ in a penod varying with the cliai-aeter of the 
light, from twenty to ninety seconds. The dress is admi- 
rably given, even if it shouhl be black; the slight differ, 
ences of illumination are sufficient to characterize it, as 
well as to show each button, buttonhole, and every fold. 
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Paitly owing to tlie intt'tiBity of such light, wbicli fan- 
not be euilui'ed without r distortion of the fcatmvs, hut 
chiefly owing to the cii-oum seance that the rays descend 
at too great an antjle, such jiictures have the diMulvan- 
tiige of not exhibiting the eyes witli difiliuetness, the 
ihndow from the eyebrows and foivhead encroaching uu 
them. 

To procure fine proofs, the best pasition is to have the 
line joining the hea*! of the sitter and the caniersi so ar- 
ranged as to make nn angle with the incident rays of less 
than ten degrees, so that all the space beneath the eye- 
bro^vs shall be illuminated, and a slight shadow cast from 
the nose. This involves obviously the use of refleetiiig 
mirroi-s to direct the ray. A single mirror would answer, 
and would economize time, but in practice it is often con- 
venient to employ two; one placed, with a suil^ble rneeh- 
auii^m, to direct the rays in vertical lines; and the second 
above it, to direct them in aa invariable course towards 
the sitter. 

Oti a liright day, and with a sensitive platfi, portraits 
can be obtaiueil in the coui-se of 6ve or seven minutes, in 
the diffused daylight. The odvautages, however, which 
might be supposed to accrue from the features being 
more con»]H>se*l, and of a more natural asi>ect, are more 
than countcrhnlancetl by the difficulty of ivtaining them 
BO long in one coustAUt mode of expression. 

But in the reflected sunshine the eye cannot support 
the eft'ulgence of the rays. It is therefore absolutely 
necessary to pass them through some blue medium, wlii(;h 
shall abstract from them their heat, and take away their 
[ofi«nsive hrillinncy. I have used for this purpose idne 
glass, and also animimiasuljihate of coppi^r, contained in 
a large trough of plate glass, the interatice being about 
an inch thick, and the fluid diluted to such a point as to 
permit the eye to bear the light, and yet to intercept 
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no more than was necessary. It is not retjuisite, when 
cului*ed gliiss is eiupluytid, to make use of a large sur- 
face; for if the cam«ia operation be cameJ on until the 
proof almoHt solai-izes, no tracea can be seen in the por- 
tmit of its etiges and boundaiies; but if the process is 
stopped at an earlier interval, there will commonly be 
found a stain, corn^ponding to the figure of the glass. 

The camera I have used, though much better ones 
might be coustructiHl, lias for its objective two double 
ctjuvex lenses, tlie united focus of which for parallel rays 
is only eight inches; they are fuur inches in diameter in 
the clear, and are mounted in a tube, in front of which 
the ajierbure is narrowed iluvvn to 3^ inches, after the 
nmnner of Djiguerre's* 

The chair in which the sitter is placed has a staff at 
its back, terniinutiiig in an iron ring, which support.^ the 
head, «» arniuged as to have motion in directions to suit 
any statui^e and any attit\ide. Uy simply resting the 
back or side of the head against this ring, ib may liekept 
sufficiently still tu allow the minutest marks on the fai-e 
to be copied. The hands should never rest upon the 
chest, for the motion of respiration disturiis them 8o 
much as to make them of a thick and clumsy appear* 
ance, destroying also the representation of the veins on 
the buck, which, if they are held motiouless, are copied, 
with surprising beauty. 

It has already been stated that certain pictonal advan- 
tages attend an arrangement in which the light is thrown 
Upon the face at a small angle. This also allows us to 
get rid entirely of the shadow on the background, or to 
comitose it more gi-acefully in the picture; for this it is 
well that the chair should be brought forwaixl from the 
background from three to six teet. 

Those who un^lertake daguerreotype portraitures will 
of coui'se arrange the backgrounds of their ])ictures ac- 
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cording to tbeir own tastes. When one that is quit« 
uniform is (Icsiretl, a hlnnlcet, or a clotb of a dral) color, 
pro|>erly 8us|>un(lci], will be founJ to answer verj- well. 
AttL'iition must be paiU tu tbe tint: white, reflecting to«> 
mncli light, would solarize ujxjn the proof before iIk- face 
bnd had time to cume out, and owing tu \t& reBecting all 
the different rays, a blur or irradiation would appear on 
all edgeSjdue to chromatic aberration. It will be readily 
undeiMtood, that if it be desired to introduce a vase, an 
urn, or other ornament, it must not Iw arranged against 
the background, but brought forward until it apj>ears 
perfectly distinct on the ground-glass of the camera. 

Diflferent parts of the dress, tor the same reason, re- 
quire intervals differing consldendjly, to !« fairly copied 
— the while ]tart8 of a uustunio passing on to solarization 
before the yellow *>r black part-** have made any decisive 
i-ejnvsentation. We have therefore to make use of tem- 
porary exiMidients. A |)ei;son dressed in a black coat 
and o[>en waistcoat of the same color must put on a tem- 
j>orary front of a drab or flesh color, or by the time that 
his face and the fine shadows of his woollen clothing ai*e 
evolved, his shirt will be solarized, and be blue or even 
black, with a white halo around it. Where, however, 
the white parts of the di^ess do not «.\|x>8e much sui-facw, 
or expose it obliquel^'.these precautions are not essential; 
the white shirt collar will scarcely solarize until the face 
is ]>assing into tlie same condition. 

Precautions of the same kind are neoessary in ladies' 
dresses, which should not be selected of tints contrasting 
sti-ongly. 

It will now be readily understood that the whole art 
of taking dagueri'eotype miniatmt's, consists in directing 
an almost horizontal beam of light, through a blue-cob 
ored medintn, n|K)n the face of the sitter, who in re- 
tained in au unconstrained posture, by an ajiproprinte 
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but ininple mecbanUm, at sucb a dittaoce from the bock- 
grouDtl, or BO arranged with respect to the csmera, that 
faia shadow eball not be copied a^ a part of hi*t body ; 
the aperture of the camera should be three and a UaU* or 
four inches nt least, indeed the larger the better, if tbo 
objective be aplanatic. 

If two mirrors be made iiw* of, the time actually occu- 
pied by the camera o|H;ration vftrit-a from forty seconds to 
two minutes, according to the intensity of the light. If 
only one mirror U emplo^'ed, the time is about one fourth 
Nhorter. In the diivct sunshine, and out in the oi>ea air» 
the time varies upwards from half a minute. 

Looking-glasses which are used to direct the solar 
rays af^cr a short time undei^ a serious detenorntion, 
the silvering assuming a dull granular aspect, and losing 
it» black iiHUiaucy. Hence the time, in copying, becomes 
gradually prolonged. 

The arrangement of the camera above indicated gives 
reversed pictui-es, the right and Ictlfc sides changing places. 
Mr. Woolcott, an ingenious mechanician of this city, has 
taken out a patent for the use of an elliptical tuin-or for 
jKirtniiture; it is alraut seven inches in ajMrture, and 
allows him to work conveniently with plates two inchea 
Hquare. The concave mirror jxisaesses this capital advan- 
tage over the convex lens, t/iat tfte proof is given in its 
ritj/it position, that is to say^ not rei^ei'sed; but it has the 
tuM-ious incnnvt-nipuees of limiting the size of the plate, 
anil 1*0] I resenting pni*ts that am at all distant from the 
ceiitie in a very confused manner. With the lens, plates 
might be worked a foot square, or even lai*ger. 

Miniatures procured in the manner here laid down are 
in most cases striking liktmesst's, though not in all. They 
give, of course, all the individual peculianties — a mole, a 
freckle, a wart. Owing to the circumstance that yellow 
and yellowish browns are long before they impress the 
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substance of the daguerreotype, persona whose faces ai-e 
freckled all over give lise to the most ludicrous results, a 
white portrait mottled with just as many black dots as 
the sitter had yellow ones. The eye appears beautifully: 
the iris with sharpness, and the white dot of light upon 
it with such strength and so much of reality and life as 
to surprise those who have never before seen it Many 
are persuaded that the pencil of the painter has been 
secretly employed to give this finishing touch. 

U11ITEB8ITT or Nkw Yosk, Stplember, 1840. 
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MEMOIR XVL 

ON TIIK CBEJirCAL CONDITION OF A DAOUERREOTTPB 
SUBFACE. 

Ftom ih« PUlMojihtoit Ma^ntme, 8e]>temb«r, IMI. 

CosTKlTTS: — J/fffarv fxUU all over a datfuerreotypf tnr/are. — T^err it 
no tujierpotitinn nf iht partt. — Tkf tihadotea Hare mftallir mercury ; 
the liffhU tihtr amalgam. — iVo indine is ever eivlvtd from Ihr plate. 
• — Action nf a mtlution nf ij«m amf one of ^taline in teurint/ w?" ike 
fitmt. — The starch experiment, — The ttchiiiff of daffuerrtotype*. 

As many of the results to be given in the next Mem- 
oir depend on the use «f daguerreotype tablets, 1 shall 
iu this examine the chemical and physical condition of 
those sui"faces and offer proof of the following facts : 

1st. Tliat nu'tnllic mereiiry e.\ists all over the Kiirfaco 
of an ordinary dagueneotype — iu the shadows as well 
as in the lights — in the shadows as metallic mei-ciiry, 
in the lights as silver amalgam. 

2d. That in an iodized daguerreotype as taken from 
the mercury-bath there is no onler of superposition of 
the parts, that is to say, the iodide is neither upon nor 
ffetteat/t the mercury, but both are, as it were, in the same 
plane. 

3d. Tliat when a ray of light falls upon the suifaco of 
this pi-eparatiou, through all the intervening steps, and 
np to the poiTit of nia.xinmin action, no iodine is evolved 
from the plate, but that iu the common daguerreotype 
the light comnnmicates a tendency to the atoms of the 
iodide to yield up to the mercurial vapor their silver, 
while the iodine retires and couibiues with the iinaf- 
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fccteil silver Ix-neath. It follows that wlien such a plate 
18 -witliilrnwn fi"oiu the mercurial vapor, there is all over 
it a uniform film of ioditlc of silver of the very same 
thiekuesa as at firat, ami that tins has hrtppf!ni*(l through 
a diifct cono»ion of the silver by the iudiue, while it 
was undergoing the mei-curial ajteratioo, 

I pass at once to the pi-oofs of these eeveiiil propo- 
sitions, and, 1st, Thai metalliG t/iei'cuiy ejni<U all over the 
Mtrfuce of au onlinary Jitguerreotype, in the tthadtnvs as 
■well as in the lighttt — in the shadows it is as imtaUi<: mer- 
ctiry, in the li^jhts an silver amahjam. 

I took a pliiti'J eo])per three inches by four in surface, 
and having prepai-ed it with care, 1 exposed half of it to 
the ditfnsed light of the day, sei-cening the otht-r half; it 
WAS then mercurialized at ITU" Fahr., the iodide removed 
by hyposulphite of so<la, and waslied. And now, a [date 
on which a gold-leaf was spivad was placed over it, but 
separatei.!, as shown in Fig. 34, in ^ 

the points <f, h, Cy by three slips of ^I 
glass. Ry means of a spirit- lump 
the photographic plate d e was heated, and the gilded 
plate ij k kept coo] by occasionally wetting it. On part- 
ing the plates, it was perceived that faint but distinct 
traces of whitening were visible all over the gohl. as well 
on that part which was over the whitened half of the 
photograph as over that \vhich was unchanged. 

But as it niiglit happen that the mercury diffused 
itself laterally past the inifferfect obstjicle i, I made the 
fcrllowing decisive trials: 

I iodiitod thrw silver jilates. A, B, C, each three inches 
by four in suvface, ismducting the processes tor each in the 
same way ; and having exposed each for two fninutea to a 
faint daylight, 1 laid them aside in the dark, to be pres- 
ently usetl as test-plates in lien of the gilded plate {fj k). 



Fig :i*. 
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Then I took three otlier plates,!), E, F, of the same 
Bize, anil conduutini:^ thu preparatory jw-ocesses for eaob 
as before, I iodized I) in the dark, and nierourialized it 
forthwith at 170" Falir., taking the utmost care that uot 
a ray of light ulicnihl he suflWed to impiuge upon it. 

E was iodized and exposed for two minutes to dif- 
fiiaed dayligiit, and then mercurialized at 170* Fahi*. 

F was iudiiied aud ex]x>8ed to the buu until it Ijegan 
to turn brown, an effect occurring almoBt at ouoe. It 
was then mercurialiaed at 17*t'* Falir. 

All these plates then had their sonsltive coating re- 
moved >>y hyposulphite, and wei-e thoroughly washed ia 
distilled water and dned. 

I had, thei-efore, tbi-ew plates, representing accurately 
the conditions proposed to be investigated. 1) was in 
the condition of the most perteet sliadows; E in that of 
the highest lights, and F solarized. In appearance, D 
was black, E was white, and F ]>Inii*hgray. 

Upou 1>, E, F, I placed A, B, C, res)>ectively, separat- 
ing each j>air of plates one sixteenth of an inch, or there- 
abouts, by slips of glass. Then I laid them on the level 
eui*face of the sand-bath, the test-plates being kept cool 
by sponging occasionally with water. Temperature of 
the sand, 200" Fahr. ; duration of the experiment, fifteen 
niinntes. 

On examination, A, B, C, were all found powerfully 
mercuiialized, nor did there seem to be any difference 
between them. 

I consider, therefore, that the shadows, the demi-tints, 
the lights, and the solarized portions of a daguerreotype, 
are covt'i-ed with mercury; for at a temperature of 200* 
Falii*. they all evolve it alike, a sufficiency of vajior nsing 
from the parts that have not been exposed to the light 
to bring a jdnte that has been so exposed to its max- 
imum of whiteness. 
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In Memoip XIV. I tlescriheiJ a ivniaikahle effect which 
I had noticed in these investigations, that if an object 
such as a wafer he laid upon a piece of cold ghu*9 or 
metal, and yon hi-eatlie once on It, and an soon a» the 
moisture has disap]>eared remove the object and breathe 
again on the glass, a spectral Image of the wafer will 
nmke its appearance. The inipresKioti tlins cominuni- 
catcil to the Bui*tace, under certjiin conditions, remains 
there a long time. During the cold weather last winter 
I produced (*uch an image on the mirror of my beliostat; 
it could be revived by breathing ou the metal n)any 
weeks afterward!*, nor did it finally disajipear until the 
end of sevt'ral months. 

I do not at present know what is the explanation of 
this result, but the analogy between it and the arrange- 
ment of mercurial globules covering the surface of a da* 
gnerreotyiM* is too striking to be overlooked. It jn-ovt's 
that surfaces may assume such a condition as to affect 
the deposition of vapors upon them, so as to produce 
the reproduction of appearances of external fonus. I 
gave, therefore, particular attcntitm to this pointy but 
eventually found that silver exiitts in an ordinaiy da- 
guerreotype, in connection with tlie merenry all over the 
plate, in a less proportion in the shadow^*, and in a 
greflter proportion in the lights. This result was, how- 
ever, only obtained after the following fact was discor. 
ered — that the mucilage of gum-arabic, when slowly 
driml in a thin layer on the surface of a daguerreotype, 
split* up in shivers, bringing along with it the white 
portions of the picture, and leaving the plate clean. 

Having therefore prepared three plates, D, E, F, ex- 
actly as before, I poured on them a solution of gum, 
drained tliiMii so nn to leave only a smidl (quantity, ami 
let them <hy slowly over the sand-bath. The gum «e]>a- 
rated readily, and lay in chips on the surface of each 
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plate; it was easily removed to thi'ee sheets of paper, l^iv 
tupping with thi* fiiigttr on the back of the plate. Kuch 
wiLt then treated alike ns follows : 

The gurmiiy matter was incinerated od a platinum 
leaf, am] the remaining ashfs traiisterred to a test-tube 
half an ineli in diameter. One drop of nitric acid and 
one di-op of water were added; it was boiIe<l over a 
small flume, and diluted with a littU^ water. Dilute hy- 
*lroL'hlorie acid was now addetl, and the chh»ride of silver 
immediately fell. In repeating thi*, it is necessarj' to 
attend to the state of <liliition of the aeid, for if ttm 
strong it wholly dissolve's the minute quantity of chlo- 
ride of silver generated. 

As, from the minuteness of that quantity, it was 
iini>ossible to obtain a direct quantitative analysis, I 
atIo[>ted tlie foregoing inetliod, and added the diUite 
acid bo all thiee tulies at the same time. In D there 
was a faint opalescence, in E and F a cloud; but I 
could not always determine whether the deposit of E 
or F was most copious, Honictiines the one and some- 
times the other apix-arlng to have a xlight advantage. 

I conclude, therefore, that while the whole surface of 
the plate is coated with mercury, it exists as silver amal- 
j^ni chieBy in the lights*, and as uncomhined mercury 
ehit'tly in the shadows, mid in a nii.xed proportion in the 
demilints; and that nhen a plate is Holurized, both fix*e 
jneix'ury and amalgam ar« piesent. 

Such is the state of surface in a daguerreotype, 7\«i«//^y 
Jon/ml In the eoui'se of time, however, a great portion 
of the mercury that is in the shadows, and also fiee in 
the lights, evaporates away. When the pictnri' has thus 
changed, the shadows are metallic silver, and the lights 
silver amalgam. 

2d. That in an i^tdiztfl daprentotijpe, as t/iken from. 
/A* mercttrr/lHfi/i, (here w no order of stijwi'pttt-u'fi'on of iKe 
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partff, that i« to wy, the ioduie is neither npon- nor /teneath 
tJie mercurjf^ bvt both are, a^ it were., in tite eatne plwie. 

Soon after I had asct^i-tnined the action of gum-arabic, 
some of it was applied to tli(^ siirfjice of a plate on wliich 
an ttnpn'ssiori litu) just heeii forinfd in the merctiry-hath. 
This was without removing the coat of iodine. On dry- 
ing it, the gura chipped up, as was exjwcted, hringing 
away with it all the lights of the i)icture, and leaving 
a uniform coat of yellow iodide of silver benejith. Ii 
Bcems, therefore, that the film of iodide coheres more 
strongly to the metal plate tbnii the amalgam; and, fur- 
ther, from this result we should judge that the amalgam 
is on tfif jftirfate of the iodide. 

But this is not true ; for on thi'ee different occasions 
I found that when Russian isinglass was employed in- 
Btead of guiu f«r the pui-jiosea pi-e^wMitly to he nOated, 
the isinglass, from its stronger cohesive power, chippwl 
off in the act of <lrying, tearing up the yellow film fmm 
end to end of the plate, and leaving the amalgam con- 
stituting the lights untlinturbed. It is here tn he under- 
stood that this action takes place without the ^mttUeet 
diaturhanee of the lights and demi-tints, the plate remain* 
ing in all the beauty and brilliancy and f>erfection that 
it would have had if it had been carefully washed in 
hyposulphite of smla. 

This is a result, however, whieh cannot he producwl 
with uniformity. Most conmionly the lights are torn 
up with the iodide. Had it n<x'uned but once, I should 
still have cited it with decision, for from the very char- 
acter of it, it is impossible to be mistaken or to commit 
an error of judgment. It proves that the film of iodide 
may be mechanically torn off from the metallic suiface 
as perfectly as it cjin be diveolv&i off by chemical agents 
— a singular fact. 

This result, thei-efore, ]>roving that we cim tear off 
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the film of ioili^le and leave the nmalgam,can only he co- 
unlinated with that by gum-water, in which the amalgam 
is renioveil and tht; ioillde left, liy snpjiosiiig that thei 
is not anything like n diiwit super position in the c«r«,' 
and that the particles of amalgam and iodide lie, as it 
were, side hy side. 

3d. T/uit when a ray of lujht falh upon Oie 9uiface' 
of tJii^, vtc. 

Thei*e is no difficulty in proving thia directly, and the 
indirect evidence is copious. If we lay a piece of pain?!* 
imbued with starch on an iodized plate, and expose it 
to the sun, although tlie j>Iate presently assiunea a dark 
olive-green color, the starch remains unctflored. 

This dark substance i«i probably a siibiodide of silver; 
the iodine tlierefore which has been disengaged from it, 
not having been set free, must have necessarily united 
with the adjacent metallic silver — this, for very obvious 
reasons, there is no difficulty in admitting. 

NdW, therefoi-e, wlien a photogenic impressitm existing 
on the surface of a plate in an invisilde state is brought 
out by tlie action of meirury vnpnr, we easily understnnd 
how this is effected. No iodine is ever evolved. But 
each atom of imlide of silver that has been acted on by 
the light yields tc» tlie attraction of tlie inercuiy its atom 
of silver, and the iodine thus set free unites with the me- 
tallic silver particles around it, repro<bicing the same 
yellow iodide by a tUret^f ix/rfosfnii of the ]>late : the 
proi>fs that we have of this are two in number: 

1st. Dry some nuicilage of gum-arabic on a daguerre- 
otype just brought from the mercnry-lmtli ; when it has 
split np, we perceive that the wliite amnlgam of silver 
is removed, and a uriirorm coat of yellow iodide of sib 
ver, of the very sarue thickness as at first, as is proved 
by its color, is left. 

2d. Dry upon the same plate a solntitm of Russian 
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isinglass, and when it has split up, it will lie seen that 
it uuifurmly reiidH off with it the yellow iiHJiilf, Ittaviug 
the mutallie plate with an exijuisite puHhIi; and whei- 
ever the light has touched, there it in cwtvded. 

These two faets, taken together, pix)ve that in niei'cu- 
rinliziiig a [>liite iiu imltne is evolved, but that a new film 
of iudiile of tlie same thickness is formed, at the expense 
of the nietjdlic surface. 

Fivm these fact* we readily gather that on the pfee- 
ence of the uietallic silver the sensitiveness of this prep* 
aratioii niuiidy di-jwiuls, for to the tuudency which the 
light has iiu]ire»stid on tht: elements of the iudide to sep- 
arate is added the strong attraction of metallic silver tor 
nascent iodine. 

This corrosion or biting in of the silver plates, by the 
conjoint action of the mei-cury and iotline, gives rise to 
etchings that have an inexpressible eharni. Could any 
plan be hit ii{>on of furcing the ItKliue to continue its ac- 
tion, the probltitn of producing en^rmxd dagneiTeotypes 
wouh] be Holveil. Ity anutlnfr process, which will lite 
described hereafter, 1 have succeeded in pix>duciug deep 
etchings from daguerreotyjws. 

Uhitkbhti or Kkw York, SefUmbtr, IS4I. 



230 



CHKMICAL RAYS AND KADIANT HEAT. fMnMoiR XVII. 



MEMOIR XVII. 

ON SOME ANALOGIES BKTWEEN THK I'llEXOirKNA OF TIIB 
CHEMICAL R.\T6 AND TIIO^E OF KADIANT UEAT. 

From ihe I'hilo«ophicftl Mitgnzinc, September, 1841. 

CdxTKSTfl: — T^f chemical ratfn are ahtorbed. — Phatoffraphic efftctt are 
ImnnenK — iTA^ cAemiaii ravt are not condaciefl i they become latent. 
— Optical quatities control chemical action. — Tke active rayt art ab- 
sorM and the complementary reflected. — Relotion o/vpttatt eonditiont 
and chemi€al aj^aitiet. 

It 18 the ol»ject of this Memoir to establish some atrik* 
iiig niuilogies fxistiiig between the plieiiuiiietia of tba 
cfacniical rnys niid those of radiant heat. 

Without savin;; anything respecting the laws of re- 
flection, rofractioii, polaiizatioii,anil i ii terfereoce, t" which 
the elieiitical rays are subject, tlie study of which I com- 
menced wore than five years ago on paper rendered sen- 
sitive by bromide, of silver, fiirtlier than that a general 
similitude liulds in all these cases between the rays of 
heat and the chemical rays, I shall at present confine my 
observations to establiHliiiig the following propositions : 

1st. That the chemical action produced by the rays of 
light depends upon the abfst^rption of those rays by sen- 
sitive bodies; just as an increase of temperature is pro- 
duced by the absorjjtitni of those of lieat. 

2d. That as a body wanned by the rays of the sun 
gradually loses its heat by radiation, or conduction, or 
contact with other bodies, so likewise, by some unknown 
process, photographic effects produced on sensitive sur^ 
faces are only transient, and gradually disappear. 
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3d. That, as when mys of heat full on n mas« of colj 
ice its temperatwie rUes degree by Uegree until it reaches 
32° Kahr. and there stops until a certain niolecnhir 
cliange (litjiiefactioti) is aceiiinjiHshed, and after that 
'nses again, so also the chemical rays impress certain 
•changes prajwr'tional to their quantity, up to a certaiu 
point, and there a pause ensues — a very large amount uf 
light being now rendeiwl latent or absorbed, nilhout 
any indication thereof being given by tlie sensitive prep- 
aration (as the heat of fluidity is latent to the themiom- 
■eter) ; a molecular change then .setting in, the incre- 
ments of the quantity of light are again indicated by 
changes in the sensitive preparation. 

4th. That it dej>ends on the ciiKaiiCAL nature of the 
ponderable material what rays tthall be abstirbed. 

5th. That while the Mjiwijiv rayti thus abs<>rbed de- 
]tend upon the chemical nature of the IkmIv, the af/solitte 
annmnt is i-egulated by its oitical qualities, such as de* 
pend on the condition of its suifiu.-es and interior ar- 
rangement. 

tith. It will be pi-oveti fi-om this that the SENsmvE- 
KKSS of any given substance dejtends on its chenucal 
nature and optical qualities conjointly, and that it is 
|>ossible to exalt or diminish the sensitiveness of any 
chemical compound l>y changing the character of its op 
tical relntionsL 

7th. That, as when radiant beat falls on the surfiice of 
an opaque body, the number of riijs refleeteil is the cum- 
plement of those that are al)8<irlied, so in the case of 
a sensitive preparation, the number of rays reflected 
from the sur&ice is the complement of those that ai-u 
absorlied. 

I now conimence with the proofs of the pi-ojKwitioiiK 
of this Memoir. 

1^ T/ia( Ute chemical action produad by tftc rayn 



2;i3 



CHEMICAL RAVS AND RADIAKT HEAT. [Nkkoib XVU. 



of light deptiahi -upim th^ afjiioiy>timi of iJiOSS im}/9 hy 
sensitive fKxlies, etc. 

I i<Hlize<l a plate to a golden yellow color, and exposed 
it to the difl'iistd liglit of Jay, setting it m sncb a 2x>- 
flition that it reflected spuonhirly the light falling upon 
it from the window to the olijeutive of the eauiera-obscu- 
ra, wliioh funned an image npou a second 8ensitive plate. 
Th»- rays falling njxm tlie sensitive plate of coni*se ex- 
erted their usual influence npon the iodide, which, afiber 
the lapse of a short time, Segan to turn bivwu. A« 
soon as this eft'eot was observed,! closed the aperture of 
the cunieiii, and, taking out it^^ plate, mercurialized it; 
l)nt it was found that tlie rays reflected from the sensi- 
tive ])late, altiiough they had been convt-rged by a lens 
four inehes in diameter, and formed a wry bright image, 
had lost the qituHty of changing the iodide of silver. 

We see, therefore, that a ray of light which has im- 
pinged ou the surface of yellow iodide of silver has lost 
the ]H>wer of causing any fmtlier change on a secoud 
similar plate on which it may fall. 

In the practice of photography this observation is of 
nuich im{>ortance, especially when lenses having large 
apeitures are useil; the rays convei^og upon the sensi- 
tive plate are rt^flected by it in all directiuns, and the 
camera is full of light ; its sides reflect back again in all 
directions on the surface of the plate these rays, which, 
if they were elfwtivi', must stain the plate in the shad- 
ows, liut if the plate has l>een iodized to the pi-oiwr 
tint, this light is wholly -without action, and faence the 
pnujf comes out neat and clean. 

Upon an iodized plate T received a solar fipectrum 
foiined by a flint-glass prism, the ray being kept motion- 
less by reflection fi-om a heliostat, ami the plat^ so ar- 
ranged as to receive the refracted rays pt^r|>endicuUrly\ 
After five minutes it was nid'curialized, and the resulting 
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jtitxif exhi!)it«'d tde jilace of the more i-efniiigihle coloi-a 
ill tlie most brilliant Iiuea Tlit: less rt:fi-aiigi)>Ie colors 
bad also lett their impress of a whitish aspect, l>ut the 
regiou of the yellow was uiialtei'ed. All the diflureut 
rays, therefoit, exwjil the yellow, have the |»ower of 
changing this particular pit-paratioii. Now when st^v- 
eral pieet's of clotli of difffrcnt colui's arc placed iu the 
sutilHiaiii, they absorb heat in proportion as their color 
is deeper. A black cloth, which dues not i-eflect any of 
those culorilic rays, becomes prusfutly hot; and in the 
same way Daguerre'^s sensitive j»rejmration absorlw nil 
the rays having any oheniieul action on it, and rrfiectti 
the yellow only, which does not atleet it. lu this ]>ar- 
ticular lies the secret of its sensitiveness, conijiartid with 
the cominoD preparations of the chloride and bromide 
of silver. 

2d. T/uit as a hotlij warmed by the rayi of the sun, etc. 

After a beam of light has made its impression on the 
iodide, if the plate be laid aside in the dark befoiv. mer- 
curializing, that impivssiou decays away with more or 
less rapidity; first the faint lights disappear-, then those 
that are sti*ougei-. ^ „. „. ^_^ 

Having brought 
three plates to the 
same condition of 
iodizatioii, and re- 
ceived the image 
of n gas- flame tn 
the camera on each 
for three minutes, 1 """"^ 

mercurialized one. A, forthwith; the second, S, I kept 
an hour, the third, C, forty-eight hours. The illative ap* 
jMjarance of these three images is represented in Fig. 35. 

Those who are in the habit of taking daguerreotypiw 
know how much they suffer when the process of mcrcu- 
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I'ialization is dufuri'cd. To show this effect in the ex- 
titme, I took fuur plates, and having prepared all alike, 
I exiKwed half ot'the surface of each tu a bright sky for 
eight seconds. 

Xo. 1 nereiirluliMNi imni«linl«l;, cstncNiut blnck Mlatiwd. 

•' :i " in |j>* hour*, *• wliiic, 

••8 '• *• (weniT-two hours, " utneetTect 

** 4 '* "one huBdreil and fbr^fitur boun, bo aSecu 

TbU last plate:, ou being submitted twice more to the 
vapor of mercury, gave an indistinct mark. On e.v]K>sing 
a corner of it to tlie huu it blackened instantly, these i-e- 
snlts showing that the peculiar cundition bi-oiight on by 
the action of the light gradually disappears, the com* 
ponnd all the time retaining its sensitiveness. 

Similar results ai'e mentioned by Dagiierre in the case 
of the changes produced on surfaces of i*csinous bodies, 
and I have noticed them in a variety of other cases. 
Now to « hatever cause these jdicuomena are due, whether 
to anything analogous to radiation, conduction, etc., it is 
most active during tlie first moment after the light has 
exerted its agency, but it must also take effect even at 
the veiy time of exposure; and it is for these reasons 
that it comes to pass that when light of a double int*fn- 
sity is thrown ii|K>n a metallic plate the time requiitid 
to produce a given effect is less than one half. 

I cindd conceive the intensity of a ray so iidjiisted that 
in falling upon a given seiisitive preparation tlie loss 
from this cause^this castingoff of the active agent^should 
exactly balance the primitive effect, and hence no observ- 
able change result. Hereafter we shall find that one 
cause of the non-seQsitivene«is of a number of bodies is 
to be traced directly to the circumstance that they yield 
up these rays as fast as they i-eceive tliem. 

It needs no other observation tban a critical examina* 
tion of the sharp lines of a daguerreotype proof with a 
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iimguifying glass to show that the influence of the chera- 
icul rnya in not pivpagated laterally ou the yellow ioilidu 
of silver. Of the iii.inifejftntions which tln'se rays may 
exhibit, after ttiey have ]oi>t tlieir miHant funn and be- 
come al)sorbed, we know but little. If they conform to 
the analogous laws for heat, and if the abstn-ldng action 
of bodies for this agent is invei-sely as their atnducting 
power, we perceive at once why a photograpiiic effect 
jirwiuced on yellow iodide of silver i-etaiim the utmost 
sharpness without any lateral spi-eading; the absorbing 
puwer la almost pei-fect, the conducting should therefore 
be zero. 

8d. Thai, as tcheii rays of heat fiUl on a mass of cold 
ice, etc. 

Although in the sun the iwlide oP silver blackens at 
once, this is only the ]'c«ult of a seiies of pivHniinary 
operations, 

AVhun wo look at a daguerreotyiw, we are struck with 
the 1-emarkable gradation of tint, and we nftturnlly infer 
that the amount of whitening induced by mere u rial izji- 
tion is in direct proportion to the amount of incident 
]ight; otherwise it wouUl har<Ily seetu that the grada- 
tion of tones could be so ixiifect. 

But in truth it is not so. When the rays begin to 
act on it, the iodide conuiiences cliauging, and is capable 
of being whiteneil by niKreuiy. Step by step this proo- 
goes on, an increase*! whiteness n*snlting fi"oni the 
prolonged action or increased brilHaney of the light, until 
a certain point is gained, and now the iodide of silver 
apjwirently undei^oes no further visible change; but an- 
other ]K»int being gained, it begins to assume, when uu;r- 
cunalized, a pale blue tint, becoming deeper and deej^er, 
until it at l.nst assumes the brilliant blue of a watch* 
spiing. This incipient blueue&s goes under the technical 
name of solarization. 
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The successful practice of the art of dagueneotyping, 
theiefore, depends on limiting the ftclioii of the sun-ray 
to the first moments of chmit^e in the iodide; for if the 
exposure be continued tou l<>i>g, the hii^'h lights beeuiuti 
stationary, while the shmlows iiiereaae unduly in whito- 
nes8, and all this hajijiens lung before solari/.uliuii sets in. 
I^t u* examine this important pbeuonienou more mi- 
nutely. Having carefully cleaued and iodized a silver 
plate, three iuche^ by four iu size, it is to be kejtt in the 
dark an hour or two. 

By a suitable act of tin-foil screens, rectangvdar ]v>r- 
tiuns of its surfiiee, half an inch by ouc eighth, are to be 
exposed at a constant distance to the mys of an Argaud 
gaH-burner ^the one I liave used is a coninion twelvo 
holed burner), the fin*t jwrtion being exposed fifteen see- 
onds, the second thirty seconds, the thii"d forty-live seo 
<>nils, the fourth sixty SBCftnds, etc: 

We have thus a series of 
spaceji upon the plate, tf, A, 
c, (/, Fig. 3t», each of which 
haa been affected by known 
quautities of light; i/ being 
aft'eeted twice as much as a, 
having received a double 
quantity of light; c thrice 
us mnch as a^ having r& 
ceived a ti'i}ile quantity, 
etc. 

The plate is now exposed 
to the vapor of mercury at 
170° Fahr. for ten minutes; 
the spaces all come out 
in their pi-oper order, auil 
nothing remains but to remove the iodide. 

An examination of one of these plates thus prepared 
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shows* thai, commencing with the fii-st spHce, a, we dis- 
cover a gradual inci-eade of whitening effect until wk 
reach the scvt*nth ; that a pei-fcct whiteness is there (it* 
tained ; that, passing on to thr sixteenth, no inerense of 
whitening is to "be ]>erceiveH,»Itlioiigh the quantities of 
light that have been inciilent and ahstuhed have l*een con* 
tiiiually increasing; luit as soon as the light thus latent 
has reached a certain quantity, vUille deconipoi!^ition sets 
in,in(lieate<l I>y a blueness,and the sensitix'e surfno*! once 
more renders evident the increments of incident light. 

Or, by presenting a plate covered with a screen to a 
sky that is clear or nniforndy obscured, and with a regu- 
lar motion withilrawins; the screen deliberately from one 
end to the other, and then 
Ruddenly screening the 
whole, it is plain that tho^^u 
parts 61*81 uncovered will 
have receivwl the greatest 
quantity of lij;ht, and the 
others les<? and less. On 
ineirurializiiig, it will be 
Been that a stain will be 
evolved on the plate, as is 
represented in Fig. It"; 
fi-om a to h the changes 
have been successive; fi-om 
£ to no variation in the 
nmnunt of whitening is per- 
Cf'ptible; at d solarization ^^'"^'' 

is commencing, which becomes deeper and deeper to the 
«nd,tf, of the stain. 



• Ii l« lnip«"H>l« to leprwMtt ihe*c cluinim in « ilmwJng "hich \* M'mrl.' Wjwlt 
«n<l wlitie : it mill h« un>li>T<tnod ihtic lh9 clMntruriMk- dininrtinn ft ihg ii|m»c«* 
fnini the nixireiiili Id t)i« tw«ntieili, fnr exampla, ilefiCtuU uu lUeii nnMituinf a hh'$ 
tint, wliirli cuiiiiiiiuillir i]ec|«[i> in inisrititv. 
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The plate from wlitcb the drawing of Fig. ^7 is taken 
gives frmii a to A ten parts, from i to c sevtiiitceii pnrts, 
from tl to e twelve parts ; we perceive, tlierefore, how 
large an amount of light is absorbed, and ita effects ren- 
dered latent, between the niaximum of whiteness being 
gained and polarization setting in. 

4th. T/tat it i/fjtend/f on the chkmical nature of the 
ponderable materUil what rays shall Ite ahaorhed. 

I had pi-epared a number of observations in proof of 
this, very much of the siinie kiml as those which have 
some time ago been publi.slied in the Phil. Trans, hy 
Herachel. These refer chiellj to the variable lengths of 
the stains impressed by the piismntic solar spectrum on 
dllFereut chemical bodies, and the points of maximum ac- 
tion noticed in them. For the present I content my&elf 
with referring to that Memoir for proofs substantiating 
this proposition. 

6tb. That while the specific rayn thus absorbed de- 
pend Hpoit. the (•het/iiail nature of the Inniy^ the ahwlnte 
amount is reyulated htj ita optical qiautiks, siivh as 
depend on the condition of its surfaces and interior ar- 
1-angetnenL 

I took a polished silver plate, and having exposed it to 
the vapor of ittdino, found that it jML'ised thi-ough the fol- 
lowing changes of color: 1st, Unmm yellow; 2d, golden 
yellow; 3d, reddish yellow; 4th,V»lue; 5th, lavender; 6th, 
metallic; 7th, yellow; 8th, reddish; 0th, green, etc, the 
differenees of color being produced Ijy the diffei-ences of 
thirkness in the film of iodide, and not by any difference 
of chemical composition. 

It is a common remark, originally made by Baguerre, 
that of these different lints that marked 2 is the most 
sensitive, and photogenic dranghtsnu-n generally suppose 
that the others are less efficient from the circumstance 
of the film of iodide being too thick. Some suppose, 
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iiuleed, that the first yellow alone 13 sensitive to ligliU 
We sIiaII see in a few moments tliiit this is very far 
fi*om being the case. 

Having brought nine different plates to the different 
colors just irulicateil, I nn-eived in t)ie camera un eiich 
the image of a uoiforra gas-tlatue, treating all as nearly- 
alike as the case permitted. 1 readily found that in 
,Na 1 there was a Wfll marked actiou,No. 2 still stronger, 
but that the rays had less and less icfluenco down to 
No. 6, in which they appeared to be almost with<jut 
action; but in No. 7 they had recovered their original 
power, being as enei-getic as in No, 2, and from that 
declining again. This is shown in Fig. 38. 






Blue. 
No. 4. 



Fig. XL 






MTtUoir. 
KO.T. 



Hence we see that the sensitiveness of the iodide of 
Bilver is by no means constant; that it observes fteriod- 
icftl changes depending on the optical qnalitiea of the 
film and not on its chemical composition; and that by 
bringing the iodide into those eiix:nmstancea that it re- 
flects the bine rays we greatly induce it« sensitiveneas 
and still more so when we adjust its thickness so as t«i 
give it a gray metallic aspect. But the moment we go 
beyond thi-*, and restore by an increased thickness its 
original color, we restoi'c also its sensitiveness. Here, 
then, in this remarkable result we agniti peixieire a cor- 
roboration of our first proposition. 
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T may, hnwever, observe in passing, that although I am 
descriMiii; tht^se actions a» if there were an actual ab- 
sorption of the rays, and that films ou metallic plates ex- 
hiV>it coIors,not through any mechanism like interference, 
but simply because tliey lmv« the jxiwer of absorbing 
this or that ray, there is no difficulty in translating these 
observations into the language of tliat liypothesis. Whea 
the diffracted fringes given by a hair or wire in a cone 
of diverging light ai-e received on tlu'se plates, corre- 
S|>onding marks are obtained, a dark stripe occupying 
tile place of a yellow fringe, and a white that of a blue. 
I found, more than four years ago, that this held in the 
ease of bromide of silver paper, and have since verified it 
in a more exact way with this French preparation. Sim- 
ilar phenomena of interference may be exhibited with 
the chlonde of silver. 

We have it, therefore, in our power to exalt or de- 
press the sensitiveness of any compound by changing its 
optical cJiaracter. Until now, it has been supposed that 
the amount of change taking place in different bodies, 
by the action of the rays of light, depends wholly on 
their chemical constitution, and hence comparisons have 
been instituted as to the relative sensitiveness of the 
chlorides, bromides,oxides, and iodides of silver, etc But 
it seems the liability to change depends also on other 
principles which, being liable to variation, the sensitive- 
ness of a given body varies with them. Tims this very 
iodide of silver, when in a thin yellow film, is decomposed 
by the feeblest rays of a taper, and even moonlight acts 
with energy; yet simply by altering the thickness of its 
film it beet>me8 Hlnt;;'^Ish, blackening evi-n in the sunlight 
tardily, and recovering its sensitiveness again on recov- 
ering its yellow hue. 

We have now no difficulty in understanding how, in 
the preparation of oidinai'y sensitive jvi per, great varia- 
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tions ensue, by modifying t\\o- pro<H?fts slightly, and how 
even on a sheet whit;h is njipni'eiitly washetl unil'ornily 
over, large blotches appear, which are either inordinately 
wnsitive or not sensitive at nil. If, without alteriug 
the chemical composition of a Blni on metiillic silver, or 
even its mode of aggregation, such striking changes re- 
sult by differfcnce of thickness, how much more may we 
expect that the great changes in molecular condition, 
which ap]>arently trivial causes must bring about on sen- 
sitive pa^wr, should elevate or depress its ca|>ability of 
being acted on by light. If I mistake nnt, it i» ii|xin these 
principles that an explanation is to l>e given of the siic- 
ceijMfiil mudefi uf jireparation wiiieli Talbot and lluut have 
described, and the action of the moi-dants of UerscheL 

I thei-efore infer — 

6th. T/tat the 8EXsrrr\'ENEss of any given preparathn 
depemfs on it« c/iamival nature and Us optktxl (fuulitm 
conjohUhjj ami that it in possible to t'XitU or (limini^ili the 
eerMtivenena of a fjiven compound by chan^iiuj it^ ojttical 
rehtion^f. 

7tli. Thai, a^ when radiant Jieatfalh on iJie surface of 
an ojHupie bodr/t the nmnl/er of raytt refievi&l M the cojnpie- 
ment oftho^ that are alwrhed, so in the ca^ofa sensitive 
preparation, the niimher of chemical rays reflected from 
iim suiface in the eojupletnent of thorn that are aftsorUd. 

This im])ortant ]>rupoMtion I prove 



. 



Tclluw. 



R>4. 



in the following way: 1 take a plate, \t, tuuiuc 

A G, Fig. M9, thi-ee inches by four, and 

by partially screening its suiface while 

in the act of iodizing with a piece of 

fiat glass, I prtKluce upon it five trans- 

verwi hamh, h, Cy d, e, f ; the fifth,/, I* »'« 

which has been longest exposed, is of i^ 

a pale lavender wdor, the fouith a q '_[ 

bright blue, the third a red, the sec- »"»■». 

Q 
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ond a golden yellow, and the ifii-at uniodized raetal ; the 
object of this arrangement being to espose at tbe same 
time and on the same plate a series of films of different 
colors and of diflereiit thicknesst'S, and to examine the 
action of the rays impinging on them and the rays i^o 
fleeted, by them. 

Having prepared a second plate, R, and iodized it tmi- 
fomily to a yellow, I deposit it iu the camera, and now, 
j)lat'ing the first plate, A (x, so that the rays coming on it 
from the sky through the window shall be specularly 
reflected to the objuct-glass of the cameia, and the image 
of A (i form upon B, I allow the exposure to continue 
until the yellow of A G is beginning to turn bi-owuj 
then I shut tbe camera and mercurialize both plates. 

In accordance with what has been said, it will be 
readily understood that of the bands on A G, the first 
one, which is the bare metal, does not whiten in the mer- 
cury vapop; the second, which is yellow, mci'ciu-ializea 
powerfully; the third, which is red, is Icsa affectetl ; tbe 
fourth, which is bhie, still less; and the fifth, which is 
lavender, hardly percciptibly. 

But the changes on B, which have been brought about 
by the rays reflected from A G, ai*e precisely the con- 
verse; the band which is the image of /j is mercurialized 
poweifully; that of c is untouched and al)solut*;ly black, 
d faintly stained, e whitened, and / mercurialized but lit- 
tle less than b. 

It follows from this that a whit« stripe on B con-e- 
eponds tfi a black one on A G, and tlit; wmvei'st^ ; and tor 
the depth of tint of the intermediate strij>es those of the 
one are perfectly complementary to the corivspondiug 
ones of the other. 

By the aid of these i-esnlts we are now able to give 
an account of the vai-iabiHty of sensitiveness in photo 
genie preinnntious ; the yellow iodide of silver is excea*^ 
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sively aensitive, localise it nliaorlMi iill tho ehemicjil rays 
that can disturb it, while the Inveiiclcr is insungitive, be- 
cause it reflects them. Under this point of view, sensi- 
tiveness therefore is directly as absoi-plion and invei"sely 
as reflection. 

Tlie superiority of Daguerre's preparation over com- 
mon sensitive paper may now be readily understood. It 
absorbs all the lays that can affect it, but the chloride 
of silver, spread uj)on paper, reflects ninny of the active 
rays. The former, when jilaced in the camera, gives rise 
to no reflections that can be injurious; the latter fills it 
with active light, mid stains the proof all over. Jlence 
the daguerreotype has a sharpness and nintheniatieal ac- 
curacy about its lines, and a depth in it.s shadows, which 
is unapproachable by the other. Moreover, the translu- 
cency of the white chloride of silver, as well as its liigh 
reflecting power, permits of jiarticles lying out of the 
lines of light beiug affected, the light becoming diffused 
in tlie ]>aper. 

The fact, therefore, that a given compound remains un- 
changed even in the direct i-ays uf the sun is no proof 
that light cannot decomjK>sti it; it may reflect or trans- 
mit the active rays as fast as it receives thera. It results 
from this that optical conditions can control and even 
check the play of cliemieal aflinities. While thus it ajv 
pears that there are ix>ints of analogy between this chem- 
ical agent and raditait heat, we must not too ha-stily infer 
that the laws whicli regulate the one obtain exclusively 
ii\so wilb the <)tlit'r. As is well known, there are strik- 
ing analogies between radiant heat and light, but there 
are also points of difference, the convertibility of lieat of 
one degree of refrangibility t<» another does not occur 
with light; there are aUi> dis^inillitudes In the phenom- 
ena of radiation and its consequences 

From tlie phenomena of the intei-ference of these rays, 
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)f tte seneitiveaesa or non- sensitiveness of the same 
theibienl foinpound being detej-ininec) inwely hy the £act 
its thickness or thinness, these, and many other similar 
results obviously depending upon mechanical principles, 
it seems to me that very powerful evidence may be 
wn against the materiality of light, and its entering 
luto chemical union with ponderable atoms. Those phi- 
losophers who have adopted the undulatory theory will 
probably find in studying these subjects evidence in 
favor of their doctiines. 
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MEMOIR xvni. 

BKSORIPTtON OP THE CULOB-HTDROOKN PHOTOMETER. 

Vnm ibe Aoioricnn JouruKl of Sci«nc« anil Art. Vol. XLTL, i l>IiUoao]>liIcal Mac* 
lulne, De<;«[nbOT, ISIS. 

CoxTKNTS: — Propfrtiev of a murlure of chlorine and bydro^tn, — /' i'» 
aettd upon by lamplighl, art tltetrie tparic at a dittanee, etc — 7^< 
jfOMt «nite i» prnpvrtkm to the amount of U^ht, — Mude of Mfaturlnff 
out known qva»litif» of mdintiotui.—Thf mttsimutn oction i» in tftr 
indiffo tpaet. — Contlntrtion of the itutrument. — Thf paMA are evolitvl 
by electrinty and combined by fiyht. — T/iwrtlUat eonditwM q/"fy«f- 
Uhn«m.-~- PftUtninary adjuutmeut,— Mrlhod of nmlinuoiHt abnertn- 
tion. — M'etkod o^ interrapttd observation. — Retaarkable eoutmetioh 
and expantiuu. 

I HAVE iuvented nti instrument for mnisnring the 
foi'ce of the chemical rays foiiud at a niaxiiiiuiii lu tlie 
indigo siiace, and wliicli from that jwint giiidiially fade 
away to each end f>f the spectrum. The sensitiveness. 
8i>eed of aetioD, and exactitude of this instrument will 
hring it to rank as a means of physical research with the 
thermo-muUii»Iier of Melloni. 

The methoils hitherto available in optics for measuring 
intensities of liglit by a relative illtinnnatiun of spaces 
or contrast of sliadows are admitted to Im inexact. The 
great de!*idei-atum in that science is a photometer which 
can mark down effects l»y movements over a graduated 
scale. "With those optical contrivances may- he classed 
the metho<l8 hitherto adopted for determining the force 
of the chemical rays by stains on dnguerreoty{>e plates 
or the darkening of sensitive pa|>ers. As deductions 
drawn in this way depend on the opinion of the observ- 
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er, they can never be perfectly satisfactory, nor bear any 
coiuparisun witli theniiouietne results, 

Impresswl with tlie iiniun'taiice of possessing for the 
study of the properties of the chemical rays acme means 
of accurate measurement, I have i-esorUid iu vain to many 
contrivances; and, after much labor, have obtained at 
last the instrument which it is the object of this Memoir 
to describe. 

This photometer consists essentially of a mixture of 
Pfjual inen-Hures of chloriue and hydrogen gases, evolved 
tivim and confined by n fluid \v!iit'h alisorlw neither. 
This mixture is kcjit In n gnidmited tube, so arranged 
that the gaseous suiface exposed to the rays never varies 
iu extent, notwithstanding tht; euniractiou that may be 
going on in it;* voluniu, and ihe hydrochloric acid result- 
ing from its union is I'einoved by rapid absorption. 

The theoretical conditions of the instrument are, there- 
fore, sufficiently simple; but, when we oome to put them 
into practice, obstacles «]»peftring at fii-st sight insur- 
luonntable are met with. The means of obtaining chlo- 
rine ai*e all troublesome; no liquid is known which will 
perfectly confine it; it is a matter of gre^it diflicnlty to 
mix it in the true prnjxtrtioii witli hydrogen, rind have 
no excess of either. Nor is it at all an easy affair to 
obtiiiu pure hydrogen speedily, and both these gases^ 
diffuse with riij»i<Iity tlimugh water into air. 

"Without ilwelling further on the long catali^ue of 
difficulties thus to be encountered, I shall first give au 
oceonnt of the capabilities of the instrument iu the form 
now descnbed, which will show to what an extent all 
those difficulties are already overcome. In a course of 
experiments on the union of chlorine and hydrogen, 
some of which wei*e read at the last meeting of the Brit* 
ish Association, I found that the sensitiveness of their 
mixture had been greatly underrated. The statement 
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made in tlie books of chemistry, that artificial light will 
not afl'ect it, is wholly erroueoua. The feeblest gleaina 
of a taptfr piocluue a change. No fuitUer proof of this 
is requii^l than the tables given in this coniniimicatiou, 
in which the radiant source was an oillanip. For sj»eed 
of action no compound can uppi-oach it: a light which 
perhaps does not endure the millionth part of a second 
ntt'ects it enei*getieally, as will be hereafter shown. 

Pfoofs of the 9etiHUif^fHi*8 of th^ instnnnenL — ^The fol- 
lowing illustratioiiH will show that this inslrnnient is 
pronij)tly affected by rays of the feeblest intensity and 
of the briefest duration. 

When, on the sentient tube, the image of a flame 
foiTucd by a conve.x lens is caused to fall, the liquid in- 
stantly begins to move over the scale, atul continues its 
motions as long as the exposure is continued. It does 
not answer t© expose the tube to the direct emanations 
of the l.Hmp without first absoj-bing the nuliaiit heat, 
or the calorific efft-ct will mask the trui* result. By the 
interposition of a lens this beat is absorbed, and the 
chemical rays alone act 

If thi; |ihot(>metor be exposed to daylight coming 
through ft window, and the hand or n shade of any kind 
be passed in front of it, its movement is in an instant ar* 
rested ; nor can the shade be passed so rapidly that the 
instrument will fail to give the pi'o|)er indication. 

The experimenter may further assure himself of the 
extreme sensitiveness of this mixture by placing the in- 
strument before a window and endeavoring to remove 
and replace its screen so quickly that it shall fail to give 
any indication: he will find that it cannot lie done. 

Charge a Leyden-jar, and place the photometer at a 
little distance from it, ki-^piug the eye steadily fixed on 
the scale; discharge the jar, aud the rays from the spark 
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will be seen to exert a very powei*fiil effect, the move- 
ment taking' place aud oeastug in an instant. 

This remarkable experiment not only serves to prove 
sensitiveness, but also bnugs before us new riews ut' tbe 
jiowers of that extnionlinnry agent electricity. That 
enei^otic chemical effects can thus be produced at a 
distndce by an electric sp»rk in its momentary passi^^, 
effects whicli ai-e of a totally dillttrunt kind fioni tlie 
common manifestations of electricity, is thus proved ; 
these phenomena being distinct from those of induction 
or raolccuhir movements taking place in the line of dis- 
charge, they are of a radiant character; and wc are led at 
once to infer that the well-known changes brought about 
by passing an electric spark through gaseous mixtures, 
(US when oxygen and hydrogen aiv combined into water, 
or chlorine and hydrogen into hydrochloric acid, anse 
from a very different cause than those condensations and 
pereussions by which they are often explained — a canse 
far inure jnirely chemical in its kind. If chlonue and 
hydrogen can be made to lunte silently by an electric 
spark passing outside the vessel whiuh coutuius them, at 
a distance of several inches, there is no ditficulty in un« 
deratftiuling why a similar effect should take place with 
a violent e.xplosion when the discharge is made through 
their midst, nor how a great many mixtures may be 
made to unite nnder the same treatment. A flnsh of 
lightning cannot talce place, nor au electric spark be dis- 
charged, without chemical changes being brought about 
by the radiations emitted. 



Proof i of the exactness of the indications of th'<9 pho- 
tometer. — ^I'he foregoing examples may serve to illustrate 
the e.xtreme sensitiveness of this instruinent. I fihnll 
next furnish proofs that its indications are exactly pi*o- 
poitional to the quantities of ligltt incident on iL 
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As it is necessary, owing to the varia!)]e force of day- 
light, to resort to artificial means of illuniiuation, it will 
be found advantageous to eni|iloy the following method 
of obtaining a flame of suitable intensity. 

I-et A B, Fig. 40, be au Ai-gonU oil-lump of which tlio 



Fig. 40. 

wick is C. Over the wick, at a distance of half an inch 
or thereabouts, place a plate of thin sheet^wpper, three 
inches iu diameter, perforadnl in its centre with a circu- 
lar hole of the same diameter as the wick, and concentnc 
therewith. This piece of copper is represented at d d\ 
it should have some contrivance for raising or depressing 
it through a small sp.ice, the pmjier height being deter- 
mined by trial. On this plate the gla^s cylinder, c, an 
inch and three quarters in diameter and eight or ten 
inches long, rentes. 

When tlu! lamp is lighted, provided the distance be- 
tween the phite d «/ and the top of the wiek he pi-operly 
adjusted, on putting on the glass cylinder the flnnie in- 
stantly assumes an intense whiteness; by mising the 
wick it may be elongated to six inches or more, and 
'"becomes ex<wedingly Iirillinnt. I>am|« constnictHl on 
these |irinc!ples may be purchased in the shops. 1 have, 
however, contented myself with using a common Ai^and 
study -hnnp, supporting the jwrforated plate d tf at & 
proper height \>y a i*elort stand. It will be easily un- 
derstootl that the great increnstc of light arises from the 
circumstance that the flame is drawn violently through 
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tlie aperttire in tbe p]ute Ity tlie cun'uut ostnViltslied in 
the cylinder. 

As much ladinnt lieat is emitted by tliis flame, in 
order to ditninlalj its action and also to iucivase tbe 
chemical effect I adopt the tollowing arrangeraent ; Let 
A R (t^ig. 'i^) be the laiiiji ; the rays emitted by it ai*e 
received on a convex len.", D, four inches aud three quar- 
ters in diameter, Ibiit whicli [ use being the large lens of 
a luceriial niicroscupe. Tliis, placed ut a distance of 
twenty-one inches from tbe lamp, gives an image of the 
flame at a distance of thirteen inches, which is i-eoeived 
on the sentient tube F ; between it and the lens there is 
a screen, E. 

Tlungs being thus airanged, and the lamp lighted so 
as to give a flame about three inches and a half long, 
the experiments may be proceeded with. It is conven- 
ient always to work with tlie flame at n constiuit lieiglit, 
which may be determined by u mark on tli« glass cyliu- 
der. At a given instant, by a seconds watch, the screen 
E is i*emoved, and immediately the liquid begins to de- 
scend. When the fii-st minute is ulaiifcd the position on 
the scale is read off and registered ; at the close of the 
second minute the same is done, and so on with the 
third, etc. And now, if these numbers be compai-etl, 
casting aside the fii*st, they will be found equal to ODO 
another, as the folhiwing table of experiments, made at 
differuut titnes and with diflftirent instruments, shows. 

From this it will be perceived that, taking the first 
experiment as an example, if at the end of 30' the pho- 
tometer has moved 7.00, at the end of 60* it has moved 
8.00 more; at the end of 90", 7.50 moi-o; at the cml of 
320", 7.75 more; the numbers set down in the vertical 
column representing the amount of motion for each 30*. 
And, when it is recollected that the i-eadiugs are all, 
made ^vith the instrument in motion, the diffei'encee 
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between the numbers do not greatly exceed tlie possible 
errors of obser%-atioii. It may be remarked that the 
third aud fourth experiments were made with a dift'ereut 
lamp. 

Tabik I. 

Sioiritiff lh»t whm Iht radiant io«rf* i* amstant, thr nmt^»nt of moift- 
ment i« tiu photomeUr tn tiirtflly proportional to ihr timet of apotun. 



Ttn«. 


HipertiMiMta. 




I. 


fi. 


8. 


4. 


s. 




■. 














30 


7M 


T.OO 


10. 2S 


■ ■ • 


5.23 




CO 


8.no 


7.JR 


lt.r.0 


11.75 


CM 




BO 


T.ilO 


8.00 


M.AO 




6.3r. 




ISO 


T.T5 


7.75 


n.do 


IS.OO 


6.00 




InO 


7.75 


7.35 


• • • 


■ 1 V 


6.00 




180 


... 


- - - 


• - • 


ISlOO 


6.00 




2\n 


... 




• • • 


* 1 * 


fton 

R.tV' 




Menu. . 


7.ffl> 


r.M 


n.t9 12.2*. 





Though a certain amount of radiant heat from a sonrce 
80 highly incandescent as that heie used will pns3 the 
lens, its eflV^cts can never be mistaken for those of the 
chemical rays. This is easily understood when we re- 
member that the efleet of sueh transmitted heat wonid 
be to expand the gaseous mixtuiv, but the chemical ef- 
feet ie to contract it. 

Next^ the indications nf the photometer are strictly 
proportional to the quantity of rays that have impini^trd 
u|>on it; a double quantity pmducing a double effect, a 
triple (juantity a threefnld t-ft'ecti etc, 

A s-light modifieation in the aiTangoment (Fig. 40) 
enables us to prove this in a satisfactory way. The lens, 
D, being motmted in a squai'e wooden frame, can easily 
be couverte<] into aa instrument for delivering at its 
focal pniiit, where the .sentient tube i^ placed, measured 
quantities of the chemical rays, and thue becomes an 
invaluable auxiliary in those ivsearuhes which require 
known aud predeteriuiiied quantities of radiations to be 
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measured out. Tho method of doing this will Iw (le- 
6ci-ibed in a sulwcqucnt part of tliis Memniv. 

In oi-der, thei-efore, to prove that the indications of 
the photometer are proiMnlioiiul to the (piautity of im- 
piugicg rays, place this mfKivurint/ hns in the jmiiition 
D, setting its screens at an angle of 90°. Remove the 
sci'ecii K, and determine the effect on the photometer for 
one minute. At the close of the minute, and without 
loss of time, turn one of the screens so as to give an 
angle of 180", and now the effect will be fonud double 
what it was before, as in the following table ; 

Tabu IT. 

Shovsing thai the isdicnUons nf the ]i/iolomelfr are propartional to the 

quantity of incident rays. 



VuaiitlllM. 


Expeiime'ii 1. 


K\l«riineni 2. 




Ob»or»i.tJ. 


ralcnlniid. 


OTxwrvrJ. CakdUled. 




o 

ISO 
210 


2.19 

0.70 
8.EI0 


2.22 
4.1.''. 

e.K7 

8.1« 


2.69 

a 7.1 

11.01) 


2.75 

f...'iO 

e.2r. 

11.00 





I have stated in the commencement of tins paper that 
the action upon the plotorneter is limited to a ray which 
corre.«poii(ls in refrangibility ti> tlie iii(ligo,or, rather, that 
in the intligo space its maximum action is found. The 
table on the following page serves at once to prove 
this fact, and also to illnstrate the chemical force of the 
different j-cgious of the spectnim. 

In this table the apaws are equal; the centre of the 
n-'d, as insulated by cobalt blue glass, is marked as 
unity; the centre of the yellow, insulated by the same^ 
being marked 3: the intervening region lieing divitle<l 
into two efpial spaces, and ilivisituis of the same value 
carried on to each end of the sjiectrum. 

As instruments will no tloubt be hereafter invented 
for measuring the phenomena f)f different classes of ray^, 
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Tadli m. 

Sfunrittff that the maximum for ihe photomtltr is in fA« tW><^ xjaaM ^ 

Ihf tpntrum. 



(^I-fli-O. 



K«r. 



Eurenw red.. . . 

Ked 

Omnge 

Yellow ,. 

Greun 

(irecn-bluA 

Blue 

Blue 



M 

.SO 

.7A 

S.7A 

10.00 

st.on 

106.00 
141.00 



Iter- 



IlliM-iadijpj,. . . 

Indijco 

Violat 

Viotel 

Vio)«t 

Viote 

Exlra-«i>«ctntl. 



30^00 

140.00 

ISI.OO 

7S.00 

46.00 

S4.ao 

1S.0O 



it may prove convenient to designate the precise ray to 
which they apply. IVrliiips tlie most simple mode is to 
affix tlie name of the ray itstrlf. Under that nomencla- 
ture the instrument described in this paper would take 
the name of indigo-pliotometer. 

There is uo difficulty in adapting this instrument to 
the determination of questions relating to ntisorption, 
reflection, and transmission. Thus I found that a piece 
of colorless Fi-encb plate-glass transmitted SGG rays out 
of 1000. 



JJescription of Ote Instru- 
ment First, of the Oiasa 
/•(//■/. — The chh>r-h}'dr«geu 
photometer consists of a glass 
tube bent into the form of a 
siphon, in which chlorine and 
hydrogen can be evolved 
fiom hytlrociiloric acid con- 
taining chlorine in solution 
by the agency of a voltaic 
current. It is represented by 
Pig. 41, where a b c 'n r clear 
and thin tube four tenths of 
an inch in externid diameter, 



Dl 



,•'* 



rd 



Vis- 41. 
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closed at the end a. At d, a circular piece of metal an 
incli in diametei', which may be called the stage, is 
frtsttinetl uii tlic tube, tlic distance froiii <l to a being 
2.i) inches. At the jioint ;;■, wliieb is two inches and a 
quarter fi*om */, two platiuum wii^s, x and y, are fused 
into the glasji, jiud euter-iiig into the iuteiior of the tube, 
are destined to funiish tlie Kujiply of uliloriue and hy- 
drogen; t'lxtm the stage d to the point I, the inner bend 
of the tube, is ti.tJ inches, and fi-om that point to the top 
of the siphon c the distance is three inches and a half. 
Throuirh the glass at ?, three quaiiei*9 of an inch from Cj 
a tiiird platinum wire is passed; this wire terminates in 
the little mercury-cup i\ and x and y in the cups p and 
q respectively. 

A stout tube, sis inches long and one tenth of an inch 
inteiior diameter, e/, is fused on at e. Its lower end 
opens into the main siphon tube; its upper end is turned 
over at/' and is uarmwed to a fine termination so as 
barely to ailmit a pin, but is not closed. This serves 
to keep out dust, and in case of a little aciJ passing out, 
it does not Bow over the .scale and deface the divisions. 
At the back of tlii^ tube a scale is placed, divided into 
tenths of an inch, being numbered fi'om above down, 
wards. Fifty of these divisions arc as many as will be 
required. Fig. 2 shows the teraiiuation of the narrow 
tulie bent over the scale. 

From a point one fourth of an inch above the stage //, 
downwards beyond the bend, and to within half an inch 
of the wire z, the whole tube is carefully painted with 
India-ink, so as to allow no light to pass; but all the 
space from a fourth of au inch above the sti^ d to the 
top of the tube a is kept as clear and transparent aa 
jKwsible. This portion constitutes the sentient part of 
the instrument. A light metallic or pasttiboai-d cap, A D, 
closed at the top and open at the bottom, three inches 
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long ami six teiitlis of an inch in fliameter, blackened on 
its interior, may be dropped over thin sfHtient tube; it 
being the office of the stage d to receive the lower end 
of the cap when it is di*opped on the tube so as to shut 
out the light. 

The foot of the instrument, k f, h of bra»s; it screws 
into the block m, wliicb may Imj nnide of han! wood or 
ivory; in this tlii-ee holes,^;, <y, r, are made to herve as 
mercury-cups; they should be deep and of small diani* 
eter, that the metal may not flow out when it inclines 
for the purpose of transterring. A ijrass cylindrical cov- 
er, L M, L Si, may be put over the whole when it is de- 
sirable to preserve it in total darkness. 

Things being thus niTanged, the instrument is filled 
with its fluid, prepared as will presently l>e desaibc*!; 
and as the tubes a //, A c are not i>ai*alh'l to each other, 
but include an angle of a few degix'cs, in the same way 
that lire's eudiometer is arranged, there is no difficulty 
in transferring the liquid to the sealeil side. Knongh is 
admittinl Ut till the seaknl tube fiini the o]M'n nne par- 
tially, leaving an empty space to the top of the tube at 
c of two and thi'ee quarter inches. 

StconiUfj, of ihe Kluid Part. — The fliii<l from which 
the mi.Yture of chlorine and hydrogen is evolved, and by 
which it is confined, is yellow conmiercinl hydrochloric 
acid, holding sncli n quantity of chlorine in solution that 
it exerts no action on the mi.xed gases as they are pi-o- 
ducetl. From the mode of it-* pivjiaration it always con- 
tains a certain ipiantity of chloride of platinum, which 
gives it a deep golden color, a condition of considei-able 
incidental importance. 

When hydmchloric acid is decomposed by voltaic 
electricity its chlorine is not evolved, but is taken up in 
very lai*ge quantity and held in solution; perhaps a bi- 
chloride of hy<h'ogen results. If through such a solution 
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hydrogen gas is passed in minute bubbles, it removes 
with it a certain iirojwrtiou of the clilunrie. Fn)tn this, 
therefore, it is jihiin tljat Iiydiocbluric auid thus decom- 
posed will not yield e<[ual measures of cblonue and hy- 
dTOgeu unless it bns been previously impregnated with 
a certain volume of the former gas. Kor is it possible 
to obtain that degite of satunitiou by voltaic action, no 
matter how Luig tlie electrolysis is continued, if tbe hy- 
drogen be allowed to pass through the liquid. 

Practically, therefore, to obtain the photometric liquid 
we am ttbliged U) decompose commercial hydrochloric 
acid in a glass vessf 1, llie positive elw:ti\;de being at the 
bottom of the vessel and the negative at the sutface of 
the liquid. Under these ciicura stances, the chlonue as 
it is disengaged is rapidly taken up, and the hydrogen 
being set free without its bubbles jwissidg through the 
mass, the impi-cgnation is carried to the point required. 

Although this chlorinated hydrochlonc acid cannot of 
course be kept in contact with the ])]atilium wires with- 
out acting on them, the action is much slower tlmn 
might have been anticipated. I have examined the 
wires of photomet^irs that had been in active use for 
four months, und could not perceive the platinum sen- 
8il»ly destroyed. It is well, however, to put a piece of 
]datintim foil in the bottle in whieli the supply of chlo- 
rinated hydrochloric acid is kept; it communicates to it 
slowly tbe pi-oper golden tint. 

The liquid being impregnated with chlorine in this 
manner until it exhales the odor of that gas is to be 
transferred to the siphon a bo of the photometer, aud its 
constitution finally adjusted as lit^reafter shown. 

Thirdly, of the Voltaic Dattert/. — The battery which 
will be found most applicable for these purposes con- 
sists of two Grove's cells, the zinc sunounding tbe plati- 
num. 
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The following are the dnnensions of the pairs which I 
uw. The platimini plate is half an inch wide and two 
inches loug; it dips into a cyliutler of porous biscuit- 
wjire of the suuiu dinieiiF^ions, which contains nittic acid. 
Outside this jwious vessel is the zinc, which is a cylin- 
der one inch in diameter, two inches longhand two tenths 
thick; it is aumlguinated. Tlie whole is contained iu a 
cu]», two inches in diaraoter and two deep, which also re- 
ceives the dilute sulphnric acid. 

The force of this battery is abundantly sufHcient both 
for preparing the fluid oiigiually and for cairyiug ou 
the photometric operations. It can deeompose hydro- 
chloric acid with rapidity, and will last with ordinary 
care a long time. 

Before passing to the mode of using this photometer, 
it is absolutely necessary to understand certain theoret- 
ical conditions of its et|uilibriuu]. These iu tlie next 
place I shall deseribe. 

Tiuoreiiml Conditions of EqmUhrium. — ^This photom- 
eter de|)ends for its sensitiveness on the exact prupoiliou 
of the mixeil ,^ses. If either one or the other is iu ex- 
cess a great iliiniuuttou of delicacy is the result. The 
comparison of it^ indieaiions at dilTerent times deiiends 
on the certainty of evolving the gases iu u.\act, or, at all 
events, known proportions. 

Whatever, therefore, affects the constitution of the sen- 
tient gases alters at the same time their indications. Be- 
tween those gases and the flnid that contiues them cer- 
tain relatiouH subsist the nature of which can be easily 
traced. Thus, if we had ecjual measures of chlorine and 
hydr^ygen, and the Tupiid not ttaturnted with tlie fonner, 
it would be im|M»asihle tu keep tliem without change, for 
by degrees a portion of chloiiue would be dissolved aud 
au excess of hydrogen remain ; or if the liipiid was over- 

U 



258 



THE CHUlR-IlYDkOOEX PHOTOJtKTEa [Mkxoih XVllt 



charged with chlorine, an excess of tbiit gas would ac- 
ciiimilntu in the sentient tnbe. 

It is absolutely iiecessnn-. therefore, that there tihould 
be an ecjiiilibrinm between the gaseous mixture aud the 
confining fluid. 

vVa has been said, when hydroddoric acid ia decom- 
posed by ft voltaie current, all tlie ebluriue is absorbed 
by the liquid and accumulates thei"oin ; the hydrogen 
bubbles, however, as they rise withdraw a certain pro- 
portion, and Iience pure hydrogen passed up through iba 
photometric fluid beconaes exceedingly sensitive to the 
light 

There are certain circumstances connected with the 
constitution and use of the photometer which continu- 
ally tend to change the riattire of its liquid. The plat- 
inum wires innuersed in it by slow degrees give rise to 
a chloride of phitinum. It is tnie that this takes place 
very gradually, and V»y far the most formidable difficulty 
arises from a direct exlmlation of i^hlorine from the nar- 
row tube cf, for each time that the liquid descends, a 
volume of air is introtluced, whicli receives n cci-taiu 
amount of chlorine which with it is e.vpelletl the next 
time the batteiy raises the coUmiu to zero; and this 
going on time after time finally impresses » marked 
change on the lit^uid. I have tried to correct it in 
various ways, as by terminating the end /' with a bulb; 
but this entails great inconvenience, as may be discov- 
ered by any one who will reflect on its operation. 

When by the batteiy we have raised the index to its 
eero pointy if the gas ancl liquid are not in equilibrium 
that zero is liable to a slight change. If there be hydro- 
gen in excess, the zero will rise; if chlorine, the zero 
will fall. 

In making what will be termed "interrupte<l experi- 
ineuts," we must not too hastily determine the posttiou 
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of tbe index on the scale at the end of a trial. It is to 
be remembered that the cause of niuvemeut over the 
M'ale ariws from a coiidoiiSHtion of hyilrochloric ncid, but 
that condensation, though very rnpid, is not instautn* 
neouft. Where time is valuable and the inetruinent in 
perftwt equilibrium, this condensation may be iucttaiita* 
neoiisly effected by sitnply inclining the in^trtnneDt so 
that its liquid may pass down to tbe closed end a, but 
not BO much as to allow gas to escajic into tho other 
side — the inclination of the two sides to each other 
makes this a vei-y easy manipulation — and the gas thus 
brouglit into contact with an extensive liijnid surface 
yields up its hydrochloric acid in an instant 

Directions for vAin/f the Photointier. PnJinihaty atl- 
juf/ment. — Having trauHfcrred the liquid ti> the sejiled 
end of the siphon, and plflce<l the cap on the sentient ex- 
tremity, tbe voltaic battery being prepared, the o|ierator 
dips ita polar wires into the cu\i»p,t/, which are in con- 
nection with the wires x,ff. Decomposition immcilintcly 
takes pliure, chlorine and hydrojijen rising through tho 
liquid and gradually dfpi-essing it, while, of course^ a 
corresponding elevation takes place in the other limb. 
This operation is continued until the liciui<l lias risen t<.> 
the zero. It takes but a few seconds fur this to be ac- 
complished. 

The polar wires having been disengaged, the photom- 
eter is removed op]»oHite a window, care being taken 
that the light is not too strong. The c^p is now lifted 
off the sentient extremity o^/, and imnieiliately the liquid 
Moends. This ex|H>sure is allowed to continue, and the 
liquid suftered to rise as raucli as it will U* the end a. 
And now, if the gases have been pi'o[>erly ndjusttil, an 
entire condensation will t^ke place, tlie sentient tulie a d 
filling completely. In practice this precision is not how- 
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ever obtainwl, aiwl if n biihlde as large as a pepper-cora 
be left, the t>j»erator will be iibundaiitly satisfied with 
the sensitiveness of his instiniiueut. Conmionly, at fii-st, 
u large residue of hydrogen gas, occupying perhups an 
inch or mure, will be left. It is to be understood tliat 
even this large surplus will disappear in a few boiirs by 
absorbing ehloiine. But this is not to be waited for; 
as soon as no further rise takes place, in a minute or two, 
the siphon is to be incline4l to one side, and the residue 
tuioicd into the open si<le. 

Now, recuriing to what has been said on the equilib- 
rium, it 13 plain that this excess of hydrogen arises fi-om 
a want of chlorine in the photometric litpiid. A proper 
tpiaiitity must therefore be furnished by proceeding as 
follows : 

The sentient tulie being filled with the liquid by in- 
clination, connect the polar wires with p, q, as befoi-e. 
These nmy be called generating wing. Allow the liquid 
to rise in A c until the thii'd platinum wire 0, which may 
be calle<l the atljunting wire, is covered an eighth of 
an inch dix'p. Then remove the negative wire from the 
cup^ into the cup r, and now the cimditions for saturat* 
i]ig the liquid ai-e coiu))lete; hydrogen escaping from 
the surface of the liquid at 2, and chlorine continually 
accumulating and dissolving between x and d. This 
having been carrie^l on for a short time, the gas in a ^ 
is to be tunied out by inclination and the instrument 
rechaiged. That a pi-opcr ([uantity is evolved is easily 
ascertainetl by allowing total condensation to take place, 
and observing that onlv a small bubble is left at a. 

It will occasionally happen in this preliminary adjust 
ment that an excess of chlorine may arise from continu- 
ing the process too long. This is easily discovered by 
its gi-eenisli-yellow tint, and is to be removed by iuclio* 
ing the instrument and turning it out. 
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TIiiis »(ljtiste<1, everything is ready to obtain measures 
of any effect, there being two different mtftbods by 
which this can be done: lat, by continuous observa- 
tion ; 2d. by interrupted obeervatioD. 

Of the method of ixintintioug obnervation, — This is best 
described by resorting to an example. Suppose, there- 
fore, it 19 reqtiired to verify Table I., or, in other woi^ls^ 
to pi-ove that the effect on the photometer is pi-opor- 
tional to its time of exposure. 

Put on the cap of the sentient tube a (I, connect the 
polar wires witli p,q, and raise the liquid to »uro. 

Place the photometer so that its sentient tube will re* 
ceive the rays ]>ro|)erly. 

At a given instant, nmrke<l by a seconds watch, re- 
move the cap A D, and the iudcx-liqiiid at once begins 
to descend. At the end of the firet minute read off the 
division over which it is paswng. Supiwse it is 7. At 
the end of the second do the same: it should be 14 ; at 
the end of the third, 31, etc This may W done until 
the fiftieth division is reached, which is the terminus of 
the scale. 

Rechan^e the tui>e by a nioinentary ap]»lieati(m of the 
polar wires; but it is convenient first to remove any 
excess of hydTOchlorie-acid gas in the sentient tul>e by 
allowing it time for eondeiisation ; or, if that be inadmis- 
sible, by inclining a little to one side, so as to give an 
extensive liquid contact 

Of (he method of in/ern/ptHl obrnnxUion. — It fi'equen^ 
ly happens that obsenations cannot Ix' bad during a 
continuous <Iescent, as when changes have to be made in 
parts of apparatus or arrangements. We liave then to 
resort to interrupted observations. 

This method re^piirea that the gas and liquid should 
be well adjusted, ho that no change can arise in volume 
when extensive contact is made by inclination. 
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The photometer l)eing cliarged, place it in a proper 
position. At a given iiistniit reimive its cap, and the 
liiliiitl tlost'enda. "When the time luui-keil by a seconds 
watch Las elapsed, drop the cap ou the seutieut tube. 
The liquid sinndtaiieously pauses iu its descent, but does 
nut entirely stuj), for a little uucoudensed hydixichlunc 
acid 8tiU exists, which is slowly disappearing in the sen- 
tient tube. Now, incline the instrument tor a moment 
tu one side, so that the liquid may ruu up to the end a, 
but not no much ns to let any gas escape. Restore it to 
it5 position and read off on the scale. It is then ready 
for a second trial. 

The difference between continuous and interrupted ob- 
servation is this, that in the latter we pause to wash out 
the hydrochlorie acid, and though this is effected by the 
simplest of all possible methods, continuous observations 
are always to be pretLTred when they can be obtained. 

I liave e.xtended this Jlemoir to so gi-eat & length that 
ninny points on which remarks might have l>eeu made 
must he piissitd over. It is scarcely necessary to Bay 
that the sentient tube must be uniformly and perfectly 
clean. As a general rule niso, the tii-st ohsei-vaijon may 
be cast aside, for reasons which I will |)reseully give. 
Further, it is to be remarked, as it is au essential prin- 
ciple, that during different changes of volume of the gB» 
its exposed surface must never vary in ext^-nt^ the liquid 
is not to bti sutl'eied to rise above the blackened portion 
at d. If the measuix*s of the different parts be such as 
have been Iiere given, this cannot take place, for tbe 
liquid will fall below the fiftieth division before its 
other surface rises above (/. 

The name original volume of gas in o f7 will last for 
a long time, as we keep replenishing it as often as the 
Rftieth division is reached. 
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The ex'perinieuter cauuot help remarking that, ou sud- 
denly exposing the sentient tube to a bright light, the 
liquid fur au instant rises on the scale, and on dropping 
thti cup iu an instant falls. This important phenomenon, 
which is strikingly st>t>u under the action of au eK'ctric 
spark, I shall cousidur hereafter. 

In conclusion, as to comparing the photometric indi- 
cation at dirterent times, if the gases have the same con- 
stitutinn the observations will compare; and if they 
have not, the value cuu fmm time to time be ascertained 
by exposure to a lanij) of a)ustaut intensity. To this 
method 1 couiiuonly resoit. 

Fi-om the space occu]»ied in this description the reader 
might be disposed to infer that this photometer is a 
very complicated instrument and difficult to use. He 
would form, however, an erroneous opinion. The pre- 
liminaiy adjustment can be made iu five minutes, and 
with it an extensive series of measures obtained. These 
long details have been entered into that the theory of 
the instrument may bo known, and optical artists con- 
struct it without difficulty. Though surprisingly sensi- 
tive to the action of the indigo ray, it is as manageable 
by a careful experimenter as a common diflfereutial ther- 
mometer. 

LVirsBBiTT or Nkw Ycmik, Sept. 26, IB43. 



Note. (From Harper^s Jf<t{/<fzine, No. 32B.) — Pro- 
n'a Bunsen and Roscoe, iu their photo- chemical re- 
searches, made at the University of Ileidelbei^, aud 
conununicHted to the Uoyal Society of London, 1850, 
say: "The first and only attempt which has been 
made to refer the chemical action of light to a stand- 
ard measure is to be found iu the researches of Draper. 
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The description of his iostrumeot and mode of olKwrvO' 
ttoD employed )*y him was pahlUhed m 1843. Even 
with this instniment, which, as we shall show, is in niaDT 
respects defective, Draper has sucreeded in establishing 
experimentally some of the most impcirtanC relatiuos of 
the chemical action of light In these experimenta Dntr 
per collected hrdn^-n, rirolved by electrolysis orer hy- 
drochl«>ric acid saturated with chlorine, and to this hy- 
drogen he admitted so much chlorine, either by diffufliun 
from the :aturated actd or hy elec^rolyas, that the mixt- 
ure ci>nsisted of nearly e«{nal volumes of the two gksess 
and entin-ly or almcx^t entirely disappeared on exposure 
to l^ht. The alteration in the rulume of the gaseous 
mixture arising from the absorption of the hydrochloric 
acid formed by the action of the light was read off on a 
scale, and being within certain limit? proportional to the 
time of exposure, eerved as a measure of the chemical 

Professors Bnnsen and Roscop. having modified this 
ittftmmeiit to suit the objects they had in view, accord- 
ingly used it in their very exhaustive and important 
aeries of researcbesL 

The measuring lens referred to in previous pamgTraphs 
w eoostructed apon this principle: If half the siir&ce of 
a convex lens be screened by an opatjne bo«Iy, as a piece 
of blacfcetied car^lboard. of course only half the qu.intity 
of rays will pass which would have passed hml the 
cereen not been interpoRt^l; if one fourth of the lens bs 
left nncov^rred, only one fonrth of the qosntit)' will pu^ 
Bat in all these instances the focal iroa^^? remains of the 
tmtae nie as at fir^ Therefore by adjosting upon tbfti 
inne of the lens two screens, the etlges of which pus' 
Afw^ its centre and are capable of rotation tbervupon, 
we dull cut off all light when the screens are applied 



ittmn XVIIIO TlIK FERRIC OXALATE PITOTOMETCR. 



S66 



edge to cilge opposite each otlier. "NVe fihiill have 90* 
when they arc rotated so as to be at right angles, and 
180" when they are superposed with their edges coin- 
ciding, or oiui of them he takni awiiy. Thus, by Bcltincf 
them ill dilVerent aTigular positions, we can have all 
quantities, fi-ora 0" up to 180*, and by i-eiuoving them 
entirely, reach 3G0°. The lens will thus give an image 
of a visible olyect always of the same size, its brilliancy 
or intensity varying at pleasuiv in a known proportion. 
In Fig. 42, A, B, B, D is n double convex lens set in a 
wooden frame, F. Its face can be cov- 
ered by two semicircles of blackened 
eanl-boai-d, one of which revolves on the --^ 
centre at c. In the figure they are ivp- 
resented as set at right angles, and the 
quarter of the lens at A is uncovei"ed. 



w 
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To the foregoing description of the 
chlor-hydi-ogen photometer I may add a 
reference to another wliich I have vt-ry 
advantageously used ^vhen exti-eme seu- 
sitiveness was not i-equired. It depends 
on the employment of an a(]iieous solu- 
tion of ferric oxal.nte. Tiii** Piibstnnce, 
which is of a golden-yellow color, may be kept for many 
years without undergoing any chauge, if in total dark- 
ness; but on exposui'e to a lamp or the daylight it 
decomposes, carbonic acul escaping, and lemou- yellow 
ferrous oxalate precipitating. If set in the sunshine, it 
actually hisses through the escape of the gas. The ray 
which chiefly affects it is the indigo, the same which 
nffect« the clilur-liydr<\c;en photometer and the silver 
compounds used in photography. This ray, to produce 
its effect, undergoes absorption, as might be anticipated 
from what has been previously said In this Memoir, and 



see 
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fts is easily pravctl by cuusiiig n sunbeam to pass thntugh 
two parallel etrata of tbe oxalate, when it will be fouiul, 
that the light which has gone thmugh the first portion 
is iuojwrative on the seconil. 

Other properties which this solution of ferric oxalat^i 
possesses strongiy recommend it as a photometric ageuL 
Unlike sulutioa of chluiiiie, it may be very convenieutly 
confined in glass tuijes by meimiry. In its usje there are 
two points which niuat be attended to: (1) the lemon- 
yellow feiTous oxalate must not be permitted to iucrust 
the sit-le of the glass exposed to the liglit, and thereby 
injure its transjuirency ; (2) the ferric .solution must be 
kept nearly at a constant tenijierature, for its color 
changes with the heat. At the freezing of water it is 
of an emerald-green tint: at tbe boiling, of a brownish- 
yellow. With these variations of tiut its absorptive ac- 
tion varie?, and therefore its liability to ])c clianged. In 
an extensive series of experiments made with it, but 
whiL-b X have not yet puljli8he<l, I found that it is great- 
ly improved by the addition of an aqueous solution of 
fei'iic chloride. 

It may be remarked that the oxalate is an excellent 
photographic substance. A piece of tissue-paper, made 
yellow by being dipped into a neutral solutitm of it, 
when dried in the dark ia very sensitive^ Its invisible 
impression may be developed by a weak solution of 
nitrate of silver, two grains dissolved in an ounce of 
water answering veiy well. A weak solution of chlo- 
ride of gold ia a still more sensitive developer. I have 
in my possession photograjdis made by both these raetb- 
ods more than tbiity years ago, which have undei^ne 
appan'iitly no deterioration. 

In tlie application of ferric oxalate to photometry sev* 
eral methods may be followed. The course I have most 
commonly taken has been to determine the quantity of 
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carbonic ncitl pru<liicm], Rometiriies by volume, sometimes 
.by weight It ia to be unJerstood tlmt befoi*e aiiy car- 
bonio acid cau be diseugaged the solution must become 
satnrateil tlierevvitli, and that before we can correctly 
meaHiiro tii« quantity of liglit by the quantity of acid 
pi-oduced this dissolved portion must l>e ascertained. 
In one of my photometei-s the espulsiun of the diss*)lvod 
giw is aecoiiipriahed by exposure to a bath of boiling 
water, iu auotlier by a stream of hydrogen. Both yield 
satisfactory i-esults. 

But this method by the determination of the produced 
carl>ouic acid is only one of numerous plans; for in- 
stance, wo might nsi; th<! weiglit of certain metals which 
the solution after exposure will pivcipitate. Thus a po^ 
tion which baa been made and kept in the dark may he 
mixed with chloride of gold without any action ensuing, 
but if it has bt^eu illuminated, the weight of metallic 
gold precipitated is in proportion to the incident light. 
On this principle I commenced an attempt to determine 
the hourly and diurnal illumination of a certnin locality. 
At the bottom of a metal tube, arranged as a polar axis, 
was placed a bulb containing a standard solution of the 
iron salt, and at the close of the proposed periods the 
weight of gold it cnuld reduce was ascertained. There 
is something fascinating in dctennining the cpmutity of 
light which the sun yields by the quantity of gold it 
can produce. Upon the whole, however, I would reo- 
onuTtend those who are disposed to renew these at- 
tempts to select a method depending on the volume of 
carbonic acid, for it is always easier to make an obser 
vatioD than an experiment. 

Among the impurtant results which may he exj^ected 
from these new modes of photometry are the hourly, 
diurnal, and annual quantities of sunlight. These are 
important not only in a meteorological point of view, 
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but also AS respects physical geogra]>liy and the great 
iiit*'TOst9 of ngrieiiUurf. The sum of vegetable ovgani*. 
zatioTi is in all climates nad localities a function of the 
light distributed thereto. And so far as heat is cou- 
cerned, it is not the intensity only, but the absolute 
(piantity, which is to be measured. To each plant, from 
the moment of its geiiutnation to tin* moment of its 
maximum dfV4?lnpinent and tlie completion of its life, a 
definite quantity of heat and u\' lij^ht must be given. As 
respects the heat in such intpiiries, it is not only the 
tln^rmometer but the calonmeter which must be coosid* 
ere<l ; and as to the light, tlie pliotometeiB herein de- 
scribed determine its quantity but not its bi-illiancy, 
and tliiTf^foro answer the indications required. And 
Bince it is not merely the temperature of a locality, but 
also the light of the sun, which is the effective condition 
of vegetabJH growth, we see how imj>ortant even in agri- 
culture itself these propoMul determinations really are. 

To those who would devote tbemeelvea to such inqui- 
ries I recommend as a photometric means a mixture of 
chlorine and hydrot^eii where great sensitiveness is re- 
quii-ed, and iu other cases ferric oxalate. 

The chlor-hydrogen and the feriic oxalate photonietere 
act by selective absoqition, on the principle of the calo- 
rimeter; that is to say, they measure the //i/antiti/ of the 
radiations they select. 

I may, perhaps not inapprn]u*i.itely. close this Memoir 
with a brief allusion to an insti'umcMt T formerly used 
very much. It measures the intenKfty of tlie radiations 
it is made to select, and these radiations may be vaned 
at pleasure. I will describe it first as adjusted for the ra- 
diations of which chlordiydmgen and fi-rric oxalate take 
chai*ge. The description is extracted fi*ora a paper I pub- 
lished in the Phfi<ttu/phf.cal Mcfffazmej Angast, 1844. 
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Let a wooden bos, A B (Fig. 43), six iucbea long, two 
wide, and two deep, with jtei-fomtioiis at A and B in its 
ends, be pixivided ; in the centre of its top an apertui-e 
three quartt'i's of an inch in diameter is to be made. 
The box innst he bhiekoned interiorly, and a itx'tangular 
)rism of wood, C, Ite plaeetl iii it, with its right angle in 
such a position that its edge bisects as a diameter the 
circular aperture; over this wooden pnsni a piece of 
white paper h pasted, cave being taken that where it 
bendn over t!ie right angle of tlie i)rism it is folded 
sharp. So far the reader will rocognizo in this Ritchie's 
photometer. Upon the aperture in the top of the box 
a glass trough, y A, h placed ; it U made by cutting a 
circular hole an inch in diameter in a piece of plate-glass 
one third of au inch thick, ami laying on each uide oi it 
a thin piece of plate-glass. This forms a cireular trough, 
in which a strong solution of sulphate of copper and 
ammonia may be encloseil. Over the trough a tube, //, 
eight or ten inches long, is placed so that ihe eye nmy 
ftee distinctly thiMugli the aperture in the top of the box 
the disk of paper, and more especially ita dividing di- 
ameter. 
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Lights, E, F, set at the opposite ends of the box, A B, 
may therefore be compared as i-egarda their jihotogi'apbic 
intensity, llie calculations bein<^ made by the common 
jihotoraetric law. And by clianging the liquid in the 
absorbing trough, g A, any radiations may be selected 
for examination. The instrument may therefore be des- 
ignated as " the selective absoi-ption photometer." 

From the facts presentc<l iu this antl the preceding 
paper, as conveying the modern conception of the rela- 
tion of luminous and calorific I'adiatioiis, it may be con- 
cluded that the thermomnter with a blat^kened bulb is 
an ahmlute photometer, and that, in accordance with the 
piiuciples set forth, many other 8ekctiv€ photometers and 
thermometers may be devised. 
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MEMOm XIX. 

ON MODIFIKD cm.OKINE. 

Frcim tbe Philoiopliicnl MftgimtRe, July. ISU, 

[Thit Memoir wa> ruttl nt ihe meeting of the Brititli Auociarlnn \\M u Cork^ 
IKI3. The conclading pnmgnphB wens fiatuoquenily Midad.] 

CoxTljrrs : — Description t^ Utt exj)fnmenl. — Tfte cHantjt in the chloriM 
it hot traniiml. — Thfrf nre twn »tag*» in thf phntnmrnmt. — Ra^* art 
ahmrltrd in prtniueiH^ thig r}ian^e. — The indiifn rtii/ u ahuorM. — Tht 
aetivH ia fiuaitivt fram enti to euJ of the gpettrara. — Tlie imti;fo raff 
/orms hifdrocUoric acid and aUo prodnctn tht prfiimittnri/ tnodijica- 
Hon, — Changt la other elementary hodit*.—^VerifieativH of tktte rteultt 
with Ihe cA/yr-Ayt/royni phobtmeler. 

CiftoBiXE gas which has been exposed to the daylight 
or to sunshini! possesaes rjunlities Dot jHissessed by chlo- 
rine nmtlt? in tim dark. 

This is shown by the cicciimgtance that chiorine which 
has been exposed to the sunshine has obtained from 
that exposure the pmperty of speedily uniting with hy* 
dl-ogeu g.is, a property not possessed by chlorine made 
and kept in the dark. 

This quality gained by the chlorine arises from its 
havinj^ absorlied chemical rays convsponding in refrsn- 
gihility to thu iiuiigo. It is not a tniiiKieiit, but appa* 
rently a penuQuent pix>perty, the rays so absorbed be- 
coming latent, and the efFfCt lasting for an tinknown 
peri<td of time. The facts hei-e jiivsented will hv. inter- 
ei'ting to chemists, because they ]>Iaiuly lead ns to sus- 
pect that the descriptions we have of the properties of 
all elementary and compound bodies are either innccu- 
rate or confused. These projierties ai*« such as bodies 
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exhibit after tliey have been exposal to light; we still 
i'e<:[uire to know what are the i>n)peitie8 they possesBj 
before exposure to such inOueiices. 

Natural philosophers will also find an interest in 
these pheuouteuu, fur they finally establish fur the chem- 
ical rays two importatit fju-ts: Ist, that thn:4e ray* are 
absorbed l>y pundernble bodies; and, 2d, that they be- 
come latent after the manner of heat. Some years agoi 
1 endeavored to prove that these tbings held for a eom- 
pmnid substanee, the iodide of silver {Phil, Ma^., Sep- 
tember, IbU). 

For reasons which will be obvious as the dejwriptioii 
proceeds, I shall spi-ak of chlorine which has been ex- 
posed to the beams of the sun as modiji^d chlonM. 

I. Descnpthn of the Mrpenment. 

In two similar glass tul)e8 place equal volumes of 
chloi-iue, made from ])eraxide of manganese and bydi-o- 
chloric acid by lamj)liglit, and carefully screened fixjiu 
access of daylight Expose one of the tubes to the full 
sunbeams for some minutes, or, if the light be feeble, for 
a quarter of an hour: the chlorine in it becomes mmli- 
fied. Keep the other tube during this time carefully in 
a dark i)lace; and now, by lamplight, add to both equal 
volumes of hydrogen gas. These processes are best car* 
ried on in a small porcelain or earthenware trough, filled 
with a Haturated solution of common Kalt, which dis^ 
solves chlorine slowly ; and to avoid explosions opemtc 
on limited quantities of the gases. Tubes that are eight 
inches long and half an inch in diameter will answer 
very WdlL The two tubes now contain the same gaseou&j 
mixtuiT, and only differ in the circumstance that one U 
modifieil and the other not Place them, therefoi-e, side 
by side before a window, through which the entrance of 
daylight can be regulated by oj)ening the shutter; and 
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now, if this part of the process be coDducted propeil)*, 
it M'ill be seen that the tiioiliHeil chlorine coiiiiueiices to 
unite with the hydrogen and the salt water lises in that 
tube. But the uumoditieti chloiino shows no disposition 
to unite with its Iiydrugen, and the litjuid in it^ tube 
remains motionless for a long time. Finally, as it be- 
comes slowly modified by the action of the daylight im- 
pinging (HI it, union takes place. From this, thiM-efore, 
wo perceive that chlorine ^vhieh has l>een nxjKwed to 
the sun will unite promptly and energetically with hy- 
drogen; but chlorine that has beeu made and kept in 
the dark shows no sufli propei-ty. 

As I doubt uot this remarkable experiment will l>e 
repented by chemists, I will mhl that the only point to 
which attcutioa in particular is to be given is in the 
final exposure to the light. This must not be too feeble, 
or the action will be tedious; but the direct sunbeatn 
must be sedulously excluded or au explosion will result. 
A room illuminated bv one small window looking; to the 
north niiswera very well. It need scarcely be added that 
care nuist be taken that both tubes are illuminate<l alike. 

n. The Change in Oie Chlorine is not Tranment. 

Now it might ha supposed that this appai'ent exalta- 
tion of the electro-negative properties of tlie chlonne is 
only ft transient thing, which would speedily pass away, 
the gas revei"ting to its original condition. 

To show that this is not so, modify some chlorine in a 
tube as befbiv. Place it f<»r an hour or two In the dark 
along with the tulw of unmodified chlonue with which 
it is to be compared, then to both add hydrogen. E.v 
pose them as in the former experiment to the daylight, 
and the result will turn out as before; the modified 
chlonne forming hydrochloric acid at once, and the uu- 
modifie<l refusing to do so. 

S 
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This, tlierefore, shows tliat the change whieli tht* sun- 
beatiia impresa upon chlorine is to a certain extent a 
peniiaiit'iit change, and, unlike a caloiific effect, it does 
not spontaneously and rapidly pass away. 

UL There are Two SUifjes in iJie Phenomenon. 

Let us now make inquiry into the nature of tUe 
change thus impivssed on the chlonue. This, I shall 
sho^v, i-ests in the circumstance of the nbaoi-ption of rays 
which coirespond in refraugiljility to tlie indigo, and ap- 
pear to become latent. 

In a tube, over salt water, nii.x together equal volumes 
of unmodified chhuine and hydrogen gas. E.\pose it to 
the daylight, mmkiiig the time at which the esposui« 
commences. Watch the level of the liquid in the tube 
narmwly, and, thongh stationary for a considerable time, 
after a certain period has elapsed it will be seen on a 
sudden to start and commence rising. Obsen-e now 
liow far it will rise during a period equal to the time 
that elapsed betwet-u the first exposure and the begin- 
ning of the rise, and it will be seen that one fourth or 
half the gases will disapju'ar. 

It is obvious that fi*oni the first moment of exposure 
the rays must have been exerting their inilueuces ou the 
mixtuit'. As will presently be proved, absorption has 
been all along taking place. There are, therefore, two 
distinct phenomena exhibited by this exjieriment. Thej*e 
is a pei'iod during which, though large quantities of tlie 
dark raya are disappearing, no vi-sible change is pro- 
duced; there is a second period, during wliich absorp- 
tion is aceomjmnied by a remai'kable chemical effetct — 
the i>i"oduction of hydrochloric acid. From these things 
we gather that a detinite nmount of the chemical rays 
must disappear and become latent before hydrochloric 
acid can form. The phenomenou is notunlikethat of the 
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disaii|»eJiranco itf a ilvfinite inmntity of lient in tbe ]>aa- 
sage of ice into tbe oouUttion of water. 

A mixture of olilorine and hydrogen does not, therefore, 
instantly give rise to tlie production of hydmchlorie ncid 
on expo.-^uri! to the liglit, Init as n jnt^lliiiinnry coiidition 
a cert^iin definite amount of a1>sorption must take ]>]ac«. 

Now if this were a mere molecular disturbance, such 
as might be bi*»ught about by the action of heat, we 
should expect to find it transient aud speedily passing 
away. Such, however, is far from being the case. As 
with simple chlorine, bo with this mixture: after it has 
been modified it loses its quality very slowly. I have 
observeil that after a week or more has elapsed since it 
was first exposed to the light, it commences to contract 
when placed in a feeble gleam. 

IV. liayi are Al^rhediii J'tvt/uct'jiy t/n'a Cluvujn, 

I have thus far assumed that the rays which bring 
about these changes are absorbed; the following is the 
pixiof which I have to offer: 

Over a tube half an inch in diameter aud six inches 
long, closed at its upper extremity and open at its lower, 
invert ajar of the same length aud one inch and a half 
in diameter. Fill the tube and the jar at the salt-water 
trough, about two thiiils full, with the same mixture of 
chlorine and hydrogen. Kxpo»« them to ditfuse day* 
light. Now it is clear that no rays can gain access to 
the tube except after having i)asMe<l through the gaseous 
mixture in the jar. Atter u certain space of time the 
level of the liquid in tbe jar commences to rise, but that 
in the tube will remain nmch longer wholly stationary. 

It therefore appears that a beam which has passed 
thi'ough a mixture of chlorine and hydrogen has lost, to 
a great extent, the quality of bringing about the union 
of a second portion of the mixed gases through which it 
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may be caused to travei"se. The active rays liave been 
absorbed ; tliey ditutppear from the beam and are lost in 
producing their fiist eftect. 

A beam of light loses its energy in producing a chem- 
ical effect; the beam, as well as the medium on ^vhich it 
acts, becomes changed. I have a senes of i-csults which 
proves that thia takes place for a great vaiicty of com- 
pound bodies. 

V. It is the Indigo Jlay which h Absorbed, 

As has been said, it is a ray corresponding in refrangi- 
bility to the iudigo which produces tliese results. 

In a small porcelain trough I inverted, side by side,- 
ten tubes, each of which was three iuches long and one 
third of an inch in diameter, the ti-ough being filled witli 
salt water. I passed into each tube a certinn <piantity 
of unmodified chlorine and hydi-ogcn. A beam of the 
sun, being directed by a heliostiit into a dark room, was 
dispersed horizontally by a flint-glass prism, and tlie 
trough with its tubes so placed as to offer an exposure 
to the different colored rays. The aperture admitting 
the beam was about half an inch in diameter. For n 
while no movement was observed in any of the iul>es; 
but as soon as the pi-eliminary absoi'ption previously de- 
scril^ed was over, the level of the li(piid began to rise. 
In the red and in the orange no movement could he 
perceivetl, in the violet only after a time; but fii-st of all 
the tube that was immersed in the indiso lijrht was iu 
action, and exhibited finally a very rapid rise; this was 
soon followed by the tube that was in the space where 
the indigo and violet joiuetl, then by that in the violet 
and that in tlie blue; the tube iu the green was next in 
order. The following tal>le gives the numerical results 
obtained by observing the time which elapsed before 
movement took ]>lace in each tube: 
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U«U niiiloninge.... 
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s.ss 



Illljijp) 

liHlij^aiii] viotol. 

Vwlrt 

VWm 
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S.00 
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Many years ago M. BcrarJ made experiinents on tbe 
oxplosiou of cbloiiiie aiid liyilrogeii, and concluded from 
lis results tliat it was bi-oiight about by the vltjlel ray. 
TLis was at a time wlien tliv methods of making these 
I'xjieriment!) were less ejcactly known. It is a verj* easy 
matter to prove that in reality tbe indigo 18 tfac active 
ray, and that from a maximum point which is in the in- 
digo, Ijut towards tho him-, tlie eflect gradually dimin- 
idhes to each end of the spectrum. 

The following table gives the calculated np])roximate 
intensity of the chemical force for each ray, deduceil 
from the foi-egoing ex|}enment: 

T*»LB H. 



N«ilnr "t fuj. 



Kl-ka, 



Exirenw ml 

Kod antlonnga.... 
Yellow And igrren. . 
Green nod Uu«. . . . 
Slite 



1.00 

1.90 

25.00 



ytm^atnj. 



furw. 



Indigo ...I ClS.40 

Indifo ami riolM. . I AO.OO 

Vi«>le« 41.40 

Vioiw.., ...t S(i.»)o 

r.MU'tn'J » inl« , - . 1 C, ID 



There is a great advantage which ex]>eriment3 con- 
ducteil in this way possess over those de]>ending for 
their indication on the stains impressed on daguerre- 
otype plates or sensitive papers. Id those ca.§ca we ob- 
tain merely a comparative contrast for different region.s 
of the spectmm; in this we have absolute measures de- 
tennined by a definite eheinical effect and the rise of a 




* V.na after iIm longest Bx|<uRire I bwl the nmia» of giving it, no novnneni took 
)>Ure ia ili« (nbe in ibe cxtretne ml, ami 1 am douUfol abonl ihai in itif red tnd 
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liquid in a graduated tube ; and from this we gain jast- 
er views of the true constitution of the spectrum. On 
stuilying the numbers in tlie foi-egoing table, or, tjottei' 
stil], if wo project them, it will appear what an enormous 
diflerenee there is in the chemical force of the difl'ereut 
rays. In the experiment from which I have deduced 
this table it appears that the force of the indigo ray 
exceeds that of the orange in a greater ratio than C6 to 
1 ; and from the circumstances under which the experi- 
meut is made this difference must be greatly underrated. 
There is always diifusi'd light in t!ie room coming from 
the intromitted beam, aud this accelerates the rise in the 
less refrangible tubes; then, again, it is impossible that 
the tube which gives the greatest elevation shall coin- 
cide mathematically with the maximum point and ex- 
press the niaximuni effect. 

Fnnn some estimates T have made I am led to Ijclieve 
that in point of chemical force, for this mixture of chlo- 
rine anii Iiydrogen, the indigo ray exceeds the red in a 
higher ratio than 500 to 1. 

VI. Tfte Action is Positive ffoni End io End of the 

Spectrum. 

M. Becquercl found that for au iodized silver plate tlie 
red, the orange, and the yellow rays possess the quality 
of continuing the action begun by the more refrangible 
colors; he thei-efore names these *'ri7i/ons contittuateu/'s.'^* 
For the same compound I found tliat those mys, acting 
conjointly with the dlffusi'd daylight, exerted a negative 
agency. It is therefore desirable to understand whetlier, 
with respect to the gasea now- under cousi<ieration, the 
less refrangiljle rays exert anything in the way of an ac- 
tion of de])ression or hindrance to union. By direct ex- 
periment I found that this was not the case, the action 
being positive from end to end of the spectrum. This 
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can be shown by removing the tubes, nfter they have 
been in the 8i»ectrum for an hour or two, into the gleams 
of dnylight One by one they exhibit after a time a 
riije, the order Iteing the green first, then t}i« yollow and 
the orange, and at last the I'ed. And if at the same time 
a tube wliicU ]ias been kept in the dark bo exposed 
along ^vith them, they will all nse before it, showing 
that niodiHoation had set in and been going on Jn thcni 
all; that it had been more active in the green than in 
the yellow, in the yellow than in the orange, in the or- 
ange than in the red ; and, had the exiX)sui*e to the spec- 
trnm ln-on long enough, the liquid in every one of the 
tubes would have risen. 

VII. The ludifjo Raif form'^ tJie H^jthocMnric Acid as 
wdl as j}ro<iuces the Pttliminwy Mo(/iji<'ation. 

It only remains now to impiire whether the rays caus- 
ing the production of the hydrochloiic acid are those 
which tftiect the modification of the chlorine; in other 
words, whether the first stage of the pi*oct?ss is brought 
about by the same agent which carries on the second. 
The experiment I have just described shows that modifi- 
cation is most actively proiluced by tlie indigo ray, and 
it is easy to iiliow that it is the sami; ray which carries 
on the second jiart of the process; foi-, if l>efoi'e placing 
the tubes in the prismatic s]iectrutu we expose them to 
the daylight, so that the liquid has just commencetl to 
rise in each, and then to the spectrum, it will be found 
that the liquid of the tube in the indigo rises most raj*- 
idly, and the others in the order stated before. There- 
fore we perceive that the same ray commences, carries 
on, and completes the process. 

Few substances can exoL'ttl in sensitiveness to light a 
mixture of chlorine and hydrogen previously modified. 
Brought into the obscure daylight of a gloomy chamber, 
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it is i-emaikaHe how promptly the level of the liquid in 
the tube rises; how, when the sbwttei's arc successively 
thrown open, the action becomes more anU more ener- 
getic; and how, in an instant^ it stops when the instru- 
ment is shaded by a screen. 

I have not recorded in this communication a multi- 
tude of experiments of detail aujiportiiig the condusious 
here drawn. It lias been my object on tins occasion to 
call attention to the fact that chlorine, an elementary 
body, undergoes a change after ex])osure to the light; a 
change which appeal's to produce an exaltation of its 
electro-negative properties, as is shown by its power of 
uniting more energetically with hydrogen. This change 
must not be confounded with those transient elevations 
of activity due to increased temperature, inasmuch as 
this is more jierrnaneut in its character. It arises from 
the absorption of rays existing most abundantly in the 
indigo s]>ace of the spectrum. That the phenomenon is 
due to a true absorption is fully showu by the circum- 
stance that u beam which has j>roduced this effect has 
lost the quality of ever after producing a similar result 
This is borne out by what we oltserve to take place 
when a feeble light falls on a mixture of chlorine and 
hydrogen prepared in the dark. A certain f^pace of 
time elapses before any formation of hydrochloric acid 
occurs, during wliicli the absoi-jition in question is going 
on; and when that is completed, and the mixture is 
modified, union of the gases begins and hydrochloric 
acid forms. From end to end of the spectrum the action 
is positive, and differs only in intensity; but this differ- 
ence in intensity opens bt^fore ns new views of the con- 
stitution and character of the solar beam. 

UMmttiTT or Nkw Yok*. Jiun 20, 1848. 
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Paragraphs sithsetjuendff aiMeih 

Cliloi-ine ia not Uie otily elementary subst-imoe in 
which tiio radiations pi-otluce a chnnc;e. In liis chaptev 
on pbospbonis, Boraelius remarks: "Light prnduct'S in it 
(phospliorus) a peculiar change, of which the intimate 
nature is unknown ; and which, so far as we can judge 
at present, docs not alter its weight. It makes it take a 
red tint. This phenomenon occuis not only in a vac* 
num, even in that of a barometer, but also in nitrogen 
gas, in cnrburetted hytlrogen, ntider water, alcohol, oil, 
and otlier liquids. M'hen we e.\pose to the Bimlight 
phosphorus dissoked in ether,oil, or hydrogen gas, it iu- 
stAutly 8e]>aratcs under the form of red jdiosphonis; it 
undergoes very rapidly this niodifieation in vioi<t it'g/it, 
or in glass vessels of a violet color. The light of the 
sun makes it easily enter into fusion in nitrogen gas, but 
it does not melt in hydrogen, and in the torricellian 
vacuum it sublimes in the form of bnlliant red scales" 
(Uerzeliu.s, Tratte^ torn, i., ]i. 338). 

Again, when speaking of phosphui^tted hydi*ogen, he 
says: "Exposed to the influences of the dii-ect solar light 
this gas is decomposed, a part of the phosphorus sep- 
arates under the form of i*ed phosphorus, and is depos- 
ited on tlie interior surface of tiie glass. If we cover 
the vessel which contains the gas imperfectly, no phos- 
phorus is deposited ou the covered spaces" (/A., torn, i., 
]>. 2G5). 

As Berzelius does not give these exiieriments as his 
own, and I do not know to whom we ai*e indebted for 
them, I repented some of tlictn. Among (tlher covtoIkv 
ratix'e results it appeared that a piece of phosphorus of 
a pale or whitish color, in a vessul fillwl with pure and 
dry carbouic-acid gas, placet! in the simshine, rapidly 
exhibite^l the phenomenon in qiiesstion. Kventually the 
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phosphorus became of a ^eep blood-red color, and on 
the sides of the glass towards the light feathery crystals 
foniietl, ihu tint uf wUicli bore a close i-eseiiiblutice to 
that of the i-ed pnissiatc of potash. 

Since the invention of the chlor-hydrogen photometer 
I have been able to observe more closely the habitudes 
of chlorine. In the ilcscriiitinii given of tluit iiisti'nnient 
it is recounnentletl to cast asidtj the first oliacrvatioii, bo- 
cause it never gives an accurate estimate of the true 
effect. When a mixture of chlorine and iiydrogen is 
exposed, liyilrochlono acid does not immediately form; 
but a jireliminary absorption is necessary, and then at the 
end of a certain period contraction begins to take place. 

Such a photometer exposed to the daylight is much 
too powerfully affected to allow the successive stages 
of fhangc to be distinctly made out; the preliminary 
modification is accomplitihed so ra]>id]y that the indica- 
tions of it ai'e merged and lost in the contraction which 
instantly follows. It is necessary thei-efore that we 
should tiperate with a snmll lam])-flame. 

To such a flame I e.\posed a mi.\ture of chlorine and 
hydrogen, and marked the number of seeouda which 
elapsed l)efore contraction, arising from the pmduction 
of hydrocliloric acid, took place. The fii"at indications 
of movement occurred at the close of 600 seconds. 

The iiidtx ihnn raorcd tlirough ihe f>^ degrM In 480 >ec<mil«t 
" '• (ooond " Km 
" " " lliirj " ISO 

•• " " fotirlli " U.', " 

" " " fiftli " £13 " 

ftntl continacil to move trith rejulnrltv m the rainc inle. 

Tliese observations, therefore, prove that a very large 
amount of radiant matter is absorbed before chemical 
combination takes place, and that in the case of chlorine 
and livdrosen the total action is divisible into two 
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periods: the fii*3t during wliicli a simple absorption is 
taking place without n dicuiical effect, the second during 
which absorption is attended with the production of 
hydrochloric acid. 

The facts which I flm endeavoring to set forth promi- 
nently in this Jlemoir are — 1st, the pi-eliminaiy utodifi- 
cations just discussed; and, 2d, the persistent character 
of the change iinpitssed upon chlorine when it has been 
exposed to the sun, an effect wholly unlike a calorific 
effect, which would soon disapjicjir. 

By resorting to the ch lor- hydrogen photometer we ob- 
tain information equally distinct upon the second point, 
that the preliminaiy modification is not a transient effect 
which at once passes away, but is, on the contraiy, a per- 
sistent change. 

I modified the chlorine and hydi-ogen contained in the 
instrument, and kept it in the dark for ten hours. On 
e-xposui-e to the lamp-rays it moved after a few seconds, 
showing, therefore, that the change impressed on the 
chlorine was not losL In the former case 'JOU seconds 
had elapsed before any movement was visible. 

AVlicn, however, we remember that the invisible im- 
ages on daguerreotype plates, and even photogi-aphic im- 
pressions on surfaces of resin, and probably all other 
similar ehnnges, are slowly effaced, it wouhl be prcmn* 
ture to conclude that motlified chlorine does not revert 
to its original condition. I have sometimes thought 
that there were in several of my experiments indications 
that this was taking place, but would not be understood 
as asserting it positively. Wliether it be so or not, one 
thing is certain, that the taking on of this condition and 
the loss of it is a very different affair from any tmnsient 
exaltation of action due to a temjKtrar}' elevation of tern- 
l»eraturr, or the contrary effect produce*! by cooling. 

April SG, 1841. 
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MEMOIK XX. 

ON THE ALLOTEOPISM OF CniORINE .KB COXXKCTED WTm 
llIB TIIEOfiT OS SUBSTlTfTIONS. 

Fron tlw American JoumiU of ?ci«iic« And Art, Vol. XLIX, { FbiloiopUcal Mag- 

nxiiie, Kov,,IS4(k 

CosTEjtTS : — Chlorine erisls in /iro staUs, fictivr and patxire. — Dcrompo- 
titioH of teatcr hy U in the tanli^hl. — Facts eonnecud milk iHU de- 
compiitilion. — The rfintimi^ of c/Uorine and hgdrcffen. — 7'ke aihtro- 
pim of cklorine, — Conneclion vf Ihtte/acU with l&« thtory of tubtti- 
taliotm. 

Thk icsenrclies of M. Diimas on cberaical tyi>a'j IiHve 
shown tliat between chlonue mid hydrogen remarkable 
relations exist, indicating that the electrical characters 
of elementary atoms are not essential, but rather inci- 
dental properties. The extension iif tlitwe ix*searche8 
has given much weight to the opinion that the 616011*0- 
cheiuicftl tlieoiy may be regarded as tailing to account 
for the replacement of such bodies as hydrogen by chlo- 
rine, bi-ominc, oxygen, etc. I do not know that as yet 
any direct evidence has been offereil that the electrical 
character of an atom is not an essential quality, but one 
that changes with circumstances. It appears to be 
rather a matter of infeR'nce than of absolute demonstra- 
tion. 

It is the object of this Memoir to furnish such direct 
evidence, and to show that chlorine, the substance which 
has given rise to the discnssion.s connected with the 
theoiy of substitutions, under the very circumstances 
contemplated, has its electro-chemical relations changed. 

More than two years ago I brought before the British 
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Association some of the facts. Tbe connection of the.<te 
experiments \ritli the discussion between tlie tbeory of 
substitutions and the electro-cliemical tbeory is obvions. 

Very recently M. Berzplins lias publisheil an impor- 
tant paper on the allotropisni of simple botlies, the ob- 
ject of which is to point out that many of those bodies 
can assume diflereut qualities by being subjected to cer- 
tain modes of treatment Thus carbon furnishes three 
furms — charcoal, plumbago, aud diamond. 

To ft certain extent these views coincide with those 
which have offered themselves to me from the study of 
the properties of chlorine. They are not, however, al- 
together the same, M. Berzelius infera that elen»entaiy 
bodies can, ns lias been said, assume under vaiying cir- 
cumstances different ([ualities. The idea winch it is at- 
tempted to coinmuuicate in this Mi'moir is simply this, 
that a given substance, such as chlorine, can pass from a 
state of high activity, in which it possesses all its well- 
known jirojM^rties, to a state uf complete inactivity, in 
which even its most enei^etic affinities disappear. Aud 
tliat between these extremes there are innumerable in- 
termediate points. Between the two views there is, 
thercfortJ, this essential diffei"ence: from the former it 
does not appear what the nattiiv of the newly assumed 
properties may be; from the latter tliey must obviously 
be of the same character, and differ only in intensity or 
degree — diniiuishiug from stage to stage until complete 
inactivity results. 

In tbe case of chlorine tbe same activity which is com- 
municated by tbe indigo rays can also be communicated 
by a high temperature, or by the actiou of platinum. 

The points which this Memoir is intended to establish 
are — 

I. That chlorine gas can exist under two forms. In 
tbe same way that metallic iron can exist as active or 
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passive h-on, chlorine can assume tbe active or passive 
state. 

II. Having est«blislied the fact of the allotropism of 
chloniie, I shall then show its connection with the the- 
oiy of substitutions of M. Dumns» aud how the most re- 
markable points in that theory may be easily accounted 
for. 

The time, perhaps, has not yet arrived for offering a 
couipleti^ lUtichanieal exphitiation of the assumption of 
an active or passive state. It may be remarked that a 
very trivial modification of our admitted views of the re- 
lation between atoms and their properties is all that is 
i*eci^uii*ed to give a consistent explanation of every one of 
these facts, Instea<l of regarding the specific fpialities 
of an atom as appertaining equally to the whole of it in 
the aggregate, we have merely to assume that there is a 
relation between its pixtperties and its sitles, and that 
any force which can make it rhangu its position upon its 
own axis will throw it into tbe active or passive state. 
But this is nothing more than the well-known idea of 
the polarity of atoms. 

Pltenouitna of Oic Decomposition of Water hy Cfdoritie 
in the Mays of the Sioi. 

Fi-om the various facts which might be employed as 
offering the means of establishing the allotropism of 
chlorine, I shall select those which arise from an exaiu- 
inatiua of the phenomena of the decomjiosition of au 
aqueous solution of chlorine by tlie rays of the sun. 

For many years it has been known that an aqueous 
solution of chlorine undergoes decomposition by the ac- 
tion of the solar rays. Several of tbe most remarkable 
phenomena connected with this decomposition a])]Hfar to 
have been overlooked. Among such may be mentioned 
tbe singulm' fact that chlorine which has been thus in- 
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iluenced by the huh iias obtained the quality of effecting 
this decomposition subsequently, to :i measured extent, 
even in the dark. Not to anticipate wliat I have to 
offer on this point, I shall now pmoeeil in the 6i'8t place 
to establish the various facts connected with the tleeom- 
position in question. 

Having provided a number of small glass vcs8e]8,COQ> 
slsting of a bulb and neck of the capacity of from 1.5 to 
2 cubic inches, I filled theni with a solution of chlonne 
in recently boiled water, and invertctl them in sniuU 
glass bottles containing the same solution.as shown ^^.^ 
in Fig. 44. With these bulbs the following e^cper* f j 

itiionta ivnt'M iiinilii- ^\ ^ 



/ \ 



Flf-U. 



I. An aqueous solution of chlonne does not de- 
compose in the dark. 

One of the bulbs was shut up in a dark closet, 
and kept them for a week, being e.xamined from 
time to time. No decomposition was perceittible, for no 
gas collected in the upper part of the bulb. 

n. An aqueous solution of chlonne decomposes in the 
light. 

One of the bulbs was placed iu n beam of the sun re- 
flected into the room by a heliostat. For sixteen min> 
utcs no change was perceptible, then small bubbles of 
gas made their appearance; they increased in (pmntity 
for n time, but finally the speoil of decomjiositlou became 
uniform. On analysis by explosion with hydrogen, after 
washing out any chlonne contained In it, this gas was 
found to contain 97 per cent, of oxygen. 

III. The rapidity of this decomposition depends on 
the quantity of the rays and on the tenq>eraturc. 

In various i-ei>etition3 of these experiments on differ- 
ent days I soon convinced myself that the rate of evo- 
lution of the oxygen depended on the quantity of the 
rays. Among other proofs I may mention this: After 
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ascertflining the rate of decomposition in tbe reflected 
beam, if the bulb bo set in the direct sunshine the bub- 
bles inereo-se in minibcr; tlie total quantity of oxygen 
evolved becoming greater in the same space of time, an 
effect obviously due to the difference of intensity of the 
reflected and lucidettt beauts. "When n certain point is 
gained, apparently no further increase of effect takes 
place on increasing the brilliancy of the light, aa I found 
by employing a convex lens. 

Witli respect to the influence of temperature. If» 
while one of the bulbs is actively e%*olving gns in the 
sunrays, it be warmed by the application of a sj^irit- 
lanip, the amount of gas thi*own off becomes very nitich 
greater. A difference of a few degrees produces a strik- 
ing effect. As ail illustration of this I pl.nctd in the sun- 
shine two bulbs wLich were nearly alike, c.\cept that 
one of them Avas painted black with India-ink on that 
portion which was farthest from tlie sun. The ruys 
coming through the tr.inspareut part had access to the 
solution, and tbeu, impinging on tbe dark side, raised its 
temperature. On measuring the quantity of gas coL 
lected, it was found — 

Id tliB tranB]urcnt linib tL4Q 

In [be Iwlf-UuL-kcntid bulb (LIS 

IV, The decomposition of water, once begun in the 
sunbeams, goes on afterwards in the dark. 

Ist. This very important fact may be estfiblislied in a 
variety of ways. Thus, if a bulb be removed from tbe 
sunshine while it is actively evolving gas, and be placed 
iu the dark after all the gas hasi been turned out of it, a 
slow evolution contiunously goes on, the gas collecting 
iu the upjier part of the bulb. 

2d. A bulb, A, Fig. -lii, having a neck, ft, the end of 
which was bent at c npwai-ds at an angle of about 45 
degrees, was employed. After expos\ire to the sun, by 
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inverting tlio btil)>, and with one fiiigur closing t!i« ex- 
tremity 0, the gas disengagwl wniKl be trans- 
ferred to a gra(iiiat<?(l vessel and measured. 
I siitisfieil niysuU' Vty several variations of llnM 
nrrangeinent that the small quantity of water 
intiYidiiced from time to time when the gas 
bubble escaped from the end of the tube c 
exerted no essential influenc<; on the plienom* 
eiiuu. The following table shows the amount of gas 
evolved in the dark during the peno<ls indicated. 

The bulh having been exposetl to the Runshiiie, in ten 
minutes the evolution of gaa commenced, and in an hour, 
0.107 cubic inch having collected, this was thrown away 
and the arrang4'nient placed ia the dark. To prevent 
the iintliitf escape of the chlorine, the flat piece of glasH 
d was laid on the open end of the tube r. In each suc- 
cessive hour the quantity of gos given in the following 
table was then evolved: 

Finn hour.. ....,., ,,,. , O.OlflS 

Kminil " , 0.niA<l 

TliiTd " QM\*a 

Fourth •' O.WWU 

Pfili •• Oi«08S 

Sixih " aooBi 

And for four days afterwards gas was collecting in the 
bulb in diminished tjuantitiea 

V. This evolution of gas in the dark is not merely a 
gradual escape of oxygen, originally fonned while the 
solution was exjwsed to tho sun, but is tract'ahle to an 
influence continuously exerted by the chlorine aririing in. 
properties it baa actpiired during its ex]H>suru to the 
rays. 

If a bulb which has been exposed to the sun be raised 
by a spirit-lamp to such a temperature that its gaseous 
constituents are rapidly evolved, its extremity dipping 
beneath some of the solution in the bottle, after allowing 

T 
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A sufficient space of time for the disengaged ehlorine to 
he rediswlvwd, and the oxygen lie tnrned nut of the 
bulb, it will be fimnd on keeping the arrangement in 
the dark tliat oxygen will slowly disengage as before. 

Now them is every re-a»ori to believe that any nmall 
amount of oxygen dissolved in the liquid would be ex- 
pelled with the eliionne at a high temperature. We 
therefore have to infer that the chlorine after this treat- 
ment still retains the (jnnlity of causing the decorapo* 
sition to go steadily fnrwanl. 

The oxiigeii which thus acennnilates in the coui-se of 
time in the dark, after an exposure to the sun, does not 
arise fi-onj any jKtrtion of that gas held in a state of 
temporary solution, nor from peroxitle of hydrogen, nor 
from chlorous acid in the liquid undergoing partial de- 
composition. From any of these states a high temper- 
ature would disengage it. 

VI. The evolution tif gas U not of the nature of a 
fermentation; for when it once sets in, the molecular 
motion is not |>ropagated fiom |iarticle to particle, but 
affects only those originally exposed to the rays. 

Let a bulb be filled with chlorine- water which has 
been exposed to the sun, and in a second bulb place a 
i]uantity of the same liquid equjd to about one thiiil of 
its capacity. Fill up the remaining two thirds ^vith 
chlorine-water which has been made and ke])t in the 
ilark; ami after keeping both ludbs in obscurity for 
some days, measure the volumes of gas thej' contain. If 
the qualities of chlorine which has been changed by 
exposure were communicable by contact or elost; prox- 
imity fi'om atom to atom, we might expect that both the 
bulbs would yield the same cpmntity of gas; but this is 
far fi'om being the case, and in such an experiment I 
found that the bulb containing the mixture gave only 
one fourteenth of the gas found in the other. 
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VII. Tbe qaantity of gas tbu8 collecting in tli« dark 
depends on the intensity of the nrigiiial distnrhance, 
%vlii<*li in its turn dppcnds on the time of exposui-e to 
tlie rays, to their inieiisity, and other such condltioua 
In othtir words, the rays are perfttctly deBnite in their 
action — a long exposui-e giving a larger amount of siil>- 
Bcqnent decomposition, an<.l short exposure a less amount. 

On exposing a bulb filled with chlorine-water to the 
rays until hubbies of gas began to appear, and a second 
one until tbe decomposition had been actively going on 
for ft ipmrtcr of an hmir, and then transferring both to 
the dark and measuring the nxjgen coUectetl at the end 
of a day, I found in the former one twelfth of what was 
collected in the latter. 

VIII. In 11 given quantity of chlorine- water, the de- 
composition in the dark corresponding to a given expos- 
ure to the light having been jHrilbrmed, and the jniijH'r 
quantity of uxygen evolved and the phen4>iiienim eiideil, 
it can be rt^established from time to time, as long as 
any vliloriue is tbund in the liquid, by a renewed ex])08- 
urc to the 6un. 

In a glass vessel, like Fig. 4fi, which, indeed, was noth- 
ing more than one of Liebig's diy- 
ing apparatus,! placed a sufficient 
(juantity of chlorine -water to fill 
the lai^er vessel, and the vertical 
tubes half full. After exposing 
this to the light fur a certain time, 
until deconipositiuu had fairly set in, I placed it in the 
dark and fmind that for several day« it gave off gas — 
the quantity continually diniinishiug. Finally, no more 
gas was evolved. But the liquid still contained fi-eo 
clilorinr, ns was shown by its color. 1 therefore again 
expost^d it to the sun, and, repeating the former observar 
tion, found that it evolved gas for several days in the 
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dnrk. A tbiitl exposure was followed l>y the same re- 
sult. 

The form of this vessel renders it very convenient for 
these expenments; because wIk'ii sufficient gas has col- 
lected for the pui-jjose of observation, it is easil}' removed 
by inclining tlie instrument, without the necessity of 
iutrwlucing fresh quiintilies of liquid. 

Having found, us has been said, that the rapidity of 
the decomposition depended to a certain extent on the 
tempfvature, it seemed desirable to determine whether 
heat alone could bring about the change. 

IX. The decomposition of water by chlorine is not 
brought about by mere elevation of temperature when 
the liquid is set in the sunbeam: although heat accel- 
erates, it does not give rise to the phenomenon. 

IsL I raised by a spirit-lamp the temperature of one 
of the bull>s nearly to its boiling-point, until so much 
gas was given off that all the liquid was expelled from 
the tube to the bottle beneath. If at this temperature, 
which probably was higher than ^IIO" Fahr., ehlorino 
had been able to decompose water, an equivalent quan- 
tity of oxygen would liave been produced; but ou al- 
lowing the a]»paratus to cool, uU the gas was reabsorbwl 
with the exception of a small bubble, amounting in vol- 
ume to y^ij7 of the water. This bubble, which was left 
after the chlorine was recondensed, I foniid in three dif- 
ferent experiments contained 32, .'13, and :16 per cenL of 
oxygen, the remainder being nitrogen ; but this being 
nearly the constitution of the gas dissolved in ordinary 
water, the souixre from which the small bubble came 
was inferretl to l)e the water used in these experiment*. 

2d. One of the bulbs was painted black all over with 
India-ink. Its temperature now i*ose much higher than 
ill former experiments wlieii it was set in the sun^ but 
not a bubble of oxygen a]i]>eai'e<l. 
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X. When chlorine-water hiis been exposed to the sun, 
the oxygen ftccuinulated in it is reatHIy expelled hy rais- 
ing the temperature. 

Having exposed one of the bulbs used in the l&at ex- 
]>Kriineut until it was actively evolving gas, I raised its 
temperature with the spirit-lauip until the bulb was full 
of gas. But on cooling this gas did not all coudeuse as 
in the last instance, a large (piantity remained behind. 
This was oxygen. 

These ninth and tenth facts are of further interest, as 
bewaring upon a question much discussed by chemists — 
the nature of the bleaching compounds of chlorine. The 
chloi-ide of lime, and other such substance?, probably 
have the same theoretical constitution as chlorine- water. 
Berzelius and Balard sujipose that in this solution chlo- 
rous or hypoehlorons acid exists. It might lie inquired, 
if this be the condition of things, why does nut an ex- 
posure to heat alone evolve oxygen, for chlorous acid is 
exceeilingly liable U) decomposition by slight elevation 
of temperature, and we should be justified in inferring 
that if any of this acid is to be found in chlorine-w titer 
it would be dectimposed at the boiling- ]>oint. 5f. Mil- 
l<in adopts the view that the bleaching comjviunds are 
inetallic chlorides analogous to the corrcsponiling |>er- 
oxides. Uut the ninth fact seems incompatible with this 
view. If chlorine-w.'tter t»e analogous to perositles of 
hydrogen, and this last be what its name imports, and 
not merely oxygenate<i water, it is difTicnlt to understand 
why, when chlorine-water is thus boiled, oxygen is not 
given off. If the atom of chlonne aud the atom of oxy- 
gen in this body are placed under the same relations to 
the atom of hydrogen, it seen\s necessary that the chlo- 
nne at4>m at 212" Falir. shuuhl expel the oxygen atom 
and hydrochlonc acid form. It is pi-obable, indeed, that 
the two oxygen atoms in j>eroside of hydrogen are re- 
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lated to their hydrogen atom with difTerent decrees of 
affinity, ai)d that one of them is retained far more loosely 
than the other. But this would correspond to our ideas 
of oxygenized water and not of peroxide of hydrogen, 
and lead us to the conclusion that the solution employed 
iu this Memoir is strictly a solution of chlorine in water. 

XL The deconi position of chlorine water, when placed 
iu the stinbeoui, does nut hegin at once, but a certain 
apace of time intervenes, durint^ which tiie chluriue is 
undergoing its specific ciiange. 

I need qnote no furtlier instance of the truth of this 
than the experiment given in support of the second fact. 
This is the same pheuoiueuou which takes place when 
chlorine and hydi-ogen ai*e exposed together; they do 
not begin to unite at once, but a certain space of time 
elapses, during which the preliminary absorjitiou is tak- 
ing place, and when that is over union begins. 

Oil the Rdations of CUorim and Hydrogen, 

We have thus traced the cause of the decomposition 
of water, in the cise before us, to a change impressetl on 
the chlorine by exposure to the rays of the sun. In this 
decomposition three elementary botlies are involved — 
chlorine, oxygen, and hydrogen. 

We can therefore reduce the ]>i'ol»lcm under discussion 
to simple conditions, mid study the relations of each of 
these substances to each other and to the solar rays suc- 
cessively. 

When a mixture of oxygen and hydrogen gases, in the 
proportion to form water, is exposeil to the most brilliant 
radiation converged upon it by convex lenses, uniou does 
not ensue; the reason being, as I have sIkiwmi, that those 
gases are perfectly ti"ansparent to the rays, and do not 
possess either real or ideal coloration. For the same 
cause, water exposed alone for any length of time to the 
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sun, or to the iu6uence of a large convex k'lis, does not 
decompose. It is transpai'eut, and «:aunot absorb any of 
the rays. 

But, as is well known^ a mixtum of chlorine and hy- 
drogen unites, under the same c-ircunistances, with an 
explosion. I have formerly pioved that this defiends on 
the absorption of the indigo rays. For iu the iiidign 
gpaee of the spectrum the action goes ou with the great- 
est activity. 

If, therefore, this phenooienon be due to absorption 
taking place by the mi.\tnn*, it is oasy to determine 
the function disehai'ged by each of its ingredients. 

1 transniitte<l a ray of light through hydrogen gas 
contained in a tube seven inelies long, the ends of which 
were terminated by pieces of flat glass; and then, dis- 
persing the ray by a flint-glass prism, i-eceived the ^eaul^ 
ing spectrtini on a daguerretttype plate, f^ininltaneonsly, 
by the side uf it, I received the 8])ectrum of a ray whicli 
had not gone thi-ough hydrogen, but through a similar 
tube filletl with atmospheric air. On comparing the im- 
pressions together, I could find no diflei'euce between 
them. 

I therefore infer that hydrogen gas does not exert 
any abwi-ptive action on the solar rays. 

Iu one of the foregoing tul>es I placed dry cliloriue 
gas, the other containing atmospheric air as before, and 
receiving the two sjjectra side by side on the same da- 
guerreotype plate, I found that a p<nverfu] absor])tion 
bad been exercised by the chlorine. All the chemical 
rays between the flxed line II and the violet termination 
of the spectrum were removed, an*l no impression cor- 
responding to their place waa left uj>on the plate. Ou 
repeating titis experiment so as to tlett-nnine with pre- 
cision the rays which had beeu absorbed, i tbund that 
chlorine al>sorbs all the rays of the s]HM*trum included 
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between the fixed line i and the violet temnnatiou, and 
is probably aff(;cted by all those waves tlie lengths of 
wliich are between 0.00001587 and 0.00001287 of a 
Paris inch ; and iiinsnmeh as it absorbs lurainoua raya 
included between the ttiinie liiuite, it is to tbis absorptioa 
that its yellow color is due. 

In these Memoirs the sjiiiie result is established by mo 
in another way. I tbuud tliat a ray which had passed 
through a given tliickiiess of a mixture of etjual vo]nme3 
of chlorine niid hydrogen lost by absoqttioii just liulf as 
much of its original ititeiisity as when it passinl through 
the same thickness of pui-e chlorine gas; a i-esult whieh 
obviously leads to the conclusion that when chlonue 
and hydrogen unite under the influence of the sun, they 
disehai^e different functions— the chlorine an active, and 
the hydrogen a ])as.sive function. The primary aetion 
or disturbance takes place upon the chlorine, and a dis- 
position is coriimunicated to it enabling it to uoito read- 
ily with the hydrogen. 

By arranging in the spectrum a series of tubes con- 
taining a mi.xture of tliese gases, it was found that 
the gases ]>laced in the indigo space went into union 
first 

These vanoua e.^perimenta enabling me thus to trace 
to the chloiine the source of disturbance, I Imvc next to 
remark that chlorine which has been exposed to the rays 
of the sun lias giiined thereby a tendency to unite \s'ith 
hydrogen not |io8sessp<l by chlorine made and kept in 
the dark. In proof of this fact I may cite an e.\]>erimerit 
fixmi Memoir XIX.: 

"In two ftiniilar glass tubes place eqnal volumes of 
chlorine made from peroxide of manganese and hydro- 
elilonc acid by lamplight, and carefully screened from 
access of daylight £.xpose one of tlie tubes to the full 
sunbeams for some m!uuteSjor,if the light be feeble, for a 
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quarter of an hour: the chlorine in it becomes modified. 
Keep the other tu)>e during this time carefiilly in a dark 
place; and now% by lamplight, add to both etjual volumes 
of hydrogen gas. These procesw^s are best cariieil on 
in a small porcelain or earthenware trough, filled with a 
saturated Rdution of common salt, which dissolves chlo- 
rine slowly, and to avoid explosions operate ou limited 
quantities of the gases. Tubes that are eight inches 
lung ami half an inch in diameter will answer very well. 
The two tubes now contain the same gaseous mixtui*e, 
and only differ in the circumstance that one is modified 
and the other not. Place them, therefore, side by side 
befoi*e a window, through whtoh the entrance of daylight 
can be n^gulated by opening the shutter; and now, if 
this part of the process is conducted properly, it will be 
seen timt the modified chlorine commences to unite with 
the liydi'<igen,and tlie salt water rises in that tube. But 
thu uiniKidified chlorine shows no diH{>ositi»n to unite 
with its hydrogen, and the liquid in its tube remains 
motionless for a long time. Finally, as it becomes slow- 
ly modified by the action of dayliglit impinging on it, 
union take^ place. From this, therefore, we pei-ceive 
that chlorine which has been exposed to the sun will 
unite proni)>tly and energetically with hydri^n ; but 
chlorine which has been made and kept in the dark 
shftws no such property." 

This f*)mi of exptTiment may be supposed imperfect, 
since the chlorine is in a moist condition and confined 
by water. I have tlieiiefore made the following vari- 
ation : 

I took a tube, A, Fig. 47, six inches long and half an 
inch in ilianieter, closed at one cud and open at the 
other, and cemented its oi>en end on a piece of flat plate- 
glass, M N, one inch wide and two long, ground on both 
sides, and having a hole, jp, one sixth of an inch in dinin* 
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eter perforated tbroiigh it This hole was 
not in the ceuti-e of the glass, but towards 
one sidOf a.s shown in the figiii-e. Thu interior 
of the tube was perfectly clean and dry. 

A second tube, B, cousistiog, as shown in 
Fig, 47, of two portions; a wide portion, B, 
and ft nariiiwer tube, <*, was ccmcntefl on an- 
other piece of ground plate- glass, similar t*> 
the foregoiui; in all respects. The tube c 
was open at its lower extremity, and the entire capacity 
(tf R and c conjointly was adjusted so as to be equal to 
the capacity of A. 

Nest I filled A with dry chlorine, and B c with dry 
hydrogen, and kept them from mixing until the proper 
time by itperating in the following way : I 
placed the gi-ound glasses face to face, as 
ebowD in Fig. 48, with a small quantity of 
soft tallow between them, arranging them 
in such a way that the aperture which led 
to the interior of A was ojkii. 

Tiirough this a]>erture dry chlorine was 
conveyeil. It was generated by a mixture 
of peroxide of iiittnganei>e and hydroehloric 
aciil in the flask D, Fig. 40, and passed along a tube, E, 
filled with chloride of calcium. A slender glass tube,_/' 

conveyed it to the bottom of 
Aj which was then filled by 
displacing the atmospheric 
air. When A was supi>us4;d 
to be full of chlorine, it was 
slowly lowered so as to bi ing 
the tube out of the aperture, 
and as ftoon as it was disen- 
gaged the gl.i-ss plates were 
FiB^u. moved in such a manner by 
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sliding them on one another that the Aperture leading 
into A was shut, but that leading into B waa optiu. 
The vessel A was thus iilied with dry chlorine and se* 
curely closed. 

In the next place 1 filled H with dry hydrogen, which 
was done ns follows: To u Itultle, G, Fig. 50, eontaiDUig 
dilute 8ul]ihutic acid and zinc, a drj'ing-tu!)c, 
K, of chloiidf of cidciuiii was adjusted, und at 
its uj)])er end a cork, /r, arranged so aa to re- 
ceive tightly the tube c. In a short time, 
therefoiv, B became full of dry hydrogen, the 
8ur|ilus escajting through the open aperture^. 
The two ground-glass j>Iates were now moved 
on one another in such a manner that they 
mutuidly closed one another. The vesst^l A 
was theri'fofe filled with <Iry chlorine, and the 
vessel li c \vith an equal volume of dry hydro- 
gen, without commuuicatiug fur the present 
with one another. 

I had provided two sets of these tultes as 
nearly alike as tliey could be made, and o^wrated with 
them in the following inanner: 

In a dark room I fillt^d the tul)e A of each of them 
with dry chlorine in tbe manner just described, and con- 
fined it by sliding the plates. One of the tubc^t was 
retained in the dark room and kept cantfnlly screened 
from the light, but the other waa set for half an hour in 
the sunbcnnii*. The chlorine which waa in it underwent 
the sjiecific change — the olgect of this Memoir to de- 
sorilje. 

After restoring this tube t<» the dark room and wait- 
ing a few minutes for it to gain the same ten)|K-i-ature 
as the other, the tubes B c of each set were filleil with 
dry hydrogen in the manner described. In each in- 
stance, as soon as the plates were moved on each other 
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SO as to confine tlie hydiogenj and tliey were rdeased 
from the cork k of the Hrying-tube K, Fig. 50, the lower 
extremity »>f wich whs ilippeiJ beneath the surface of 
Bome water coutained in a saucer^ P, Fig. 51 ; the two 

sets of tubes being held 
steadily \u a proper posi- 
tion by the aid of a wooden 
fninie, Q K. The tubes now 
<lilTered from one anotber 
in nothing but the circum- 
stance that the clilorine of 
one had been exposed to 
the sun, and that of the 
^■"1- otlier had not. 

The gases were now brou«ht in contact. This was 
easily done by sliding each pair of ground glasses until 
their apertures coiucidetl, as shown at p in P^ig. 51. The 
hydrogen now rose thi-ougb the hole into the upper ves- 
sel, the cldonne dersceiKliiig through it, mutual and per- 
fect diffusion of the two gases rapidly taking ]>lace. 
This was done by lampliglit in tht; dark room. And 
now it could be ascertained that the gases were at the 
same temperature in the tliflei-erit tubes, and that the 
e.xperimejit had thus far been carried on sueeessfully,by 
the water retaining its level at tlie same point in the 
tubes c of both sets. If that which had been in the 
sunshine was warmer than the othei". as stion as the 
apertures coincided a bubble of gas would have escaj^d 
through the water, or at all events the level would have 
changed. 

It remained now to open the shutter of the dark room, 
tlie tubes liaving been previously set in such a position 
that the light would full equally on both. As soon aa 
this was done, the chlorine which had been exposed to 
the Bun united at once with its hvdrogen, and the water 
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rose in the tube c But in tbe otlior, wliicli hnd not 
been exposed to tbe sun, no movement took place until 
tbe gases bad had time to be modified by the light com- 
ing tlirough t\u: ojHm shutt<T. 

When coi'e bau been taken to have the gases made 
quite diy, and, owing to the nairowness of the tube c, no 
aifueuus vapor has had time to contaminate the gas in B, 
so that no water is pi-esent to condense tbe hydrochloric 
acid an it fonna, a little delay nmy be occasioneil in the 
liquid riiiing in the tube, the chlorine of which was ex* 
posed to tbe sun. But after n tinte a mist arises in the 
neighborhood of the water in the nari*ow tube, due to 
thi: bydroclilurie acid cundeiisiiig, and then the process 
goes forwaixi with regularity. 

It ajipeare, therefore, that chlorine by exposure to the 
Buu contracts a tendency to unite with hydrogen which 
is not possessed by chlorine which bus been kept iu the 
dark. 



Oh tJie AUotr^ism of Chlorine^ or its Passive and Ad- 

itftt i^ite«. 

In what, then, does this remarkable change impressed 
by iudigo rays upon chlorine consist? This is tbe ques- 
tion immediately arising from tbe phenomena we have 
had und«M* (x>nsidcnition. 

To this I answer that when chlorine has been thus in- 
fluenced its electro- negative properties are exalted, and 
it has pa&sed from an inactive to an active state. 

It is nuw fully established that a great number of the 
elementary bodies underg<j similar modificaticjus. Many 
of them can exist in no less than three different states, 
and these peculiarities are impressi'd on the conijHiunds 
to which they give rise. To these jreculiaritics Bcrze- 
lius directed the attention of chemical ]ihiIosophcr8 
in bis Memoir " On tbe Allotropisu of Simple Bodies, 
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and its Relation with Certnin Cases of Isumerism in 
their Coinbiniitions." lie shows tlmt of the eleraetitary 
l)o(lies now known, many undoubtedly exist in se^-eml 
allotropic statcH, and iufei-s tliat all are liable to anal- 
osK>u8 nKMlifinitions. He iiuliLrfttes that the isomerism 
of com|>ouud bodies is due sometimes to the diflorent 
modes in which the atoms of which their amatitucnt 
molecules consist nre gi"ouped, and soiaetinies to the dif- 
ferent allotropie states in which one or the othw of those 
elements is found. Thus, as M. Millon has i-eiiiarkeO, 
the intrinsic diffei'ence between carbviretted Iiydfogen 
gas (Oil) and ottar of roses (CH), which are isomeric 
bodies, may perha]>3 consist in this, tliab in the former 
the carbon Is under the form of common charcoal, and in 
the latter under the form of diamond. 

The following instances from Berzelius may serve ae 
examples of these allotropic slates : 

Carbon is known under three forms — ohaivoni, plum- 
lingo, and diamond. They differ in specific gravity, in 
specific heat, and in their conducting power as ivsjHKJt* 
caloric and electricity. In their relations to light, the 
first perfectly abst)rbs It, the second refltwts it like a 
metal, the third transmits it like glass. In tlieir rela- 
tions with oxygen they also diflVr ain-prisingly ; there 
are varieties of chai"coal that spontaneously take fire in 
the air, but the diamond can only be burned with diffi- 
culty at .1 liigh temperature in pure oxygen gas. The 
second and tliiid varieties do nut belong to the same 
crystalline form. 

Silicon exists also under tw^o forms. In its first it 
burns with facility in the nir under a slight elevation of 
teniperature. But if it be previoiisjy exposed to a strong 
red heat it changes into the second variety and becomes 
incombustible, so that it will not oxidize wlien place<l 
with nitrate of potash in the hottest part of a blowpipe 
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flarae. As is well known, there are two forms of silicic 
acid: one soluble in water and hydrLtchlonc acid, but 
]mssing into thf inwiiible stnte by being pirviously 
niaile red-hot. The silicon then^foiv carries in its c<)m- 
liination the same properties that it exhibits in the free 
state. 

In the snmo manner It inij^lit be sbown that sulphur, 
eeleniuDi, phosphorus, titanium, chromium, uranium, tin, 
iridium, osmium, enpper, nickel, cobalt, an*! a variety of 
other bodies, exist under several ditTereut forms;, with 
distinctive juniHTties that are oft«n well marked. In 
several of them the influence of this allotropic conilition 
is plainly carried into the ooinpountln, aa is well shown 
in the two varieties of ai-senic which give Hse to the two 
arseninus acids. 

The passage from one allotropic state to another takes 
place conuuonly through the agency of apparently very 
trivial causes, such as a slight elevation of temperature 
and the contact of c-ertaiu bodies. Thus iron, which is 
6o easily oxidized under ordinary cii-cuinstanoes. ajipeare 
to lose it<i afHiiity for oxygen after it has been touched 
tinder the surface of nitric acid by a piece of platinum. 
It then puts on the attributes of a noble metal, and sim^ 
alates the properties of platinum and gold. 

Tliis remarkable instance of the passage from an act- 
ive to ft passive state, as Berzeliiis remarkfn, may lead to 
a conjecture resjiectiug the true condition of ceriaiti 
gases. No one can reflect on the inactivity of nitnrgeu 
gas tinder ordinary circumstances, contrastetl with its 
equally extraordinary activity as a constituent of organ- 
ic bodies, without being struck with the apparent con- 
nection of that phenomenon with thest? of alh)tropisin. 
And though Bei-zelius witti his customary caution mere* 
ly insinuates that nitrogen can exist under two forms, 
the facts here developed in relation to chlorine appear to 
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show that ttnt opinion rests on something more solid 
than conjecture. The haliitudos ot" many of the gaseous 
bodies strengthen this conclusion. Oxygen refuses to 
unite when niixei.1 with hydmgen precisely in the man- 
ner of chlorine, and it reijuiitw a certain mollification to 
be TuaJe in the electro-negiitive element before water or 
hydrochloric aciil can result. 

Just, therefore, in the Haiue manner that so many ele- 
mentary bodies can put on under the influence of exter- 
nal causes an active or passive condition, I infer, as the 
result of the expenraeuts brought forward in (bis Mem- 
oir, that chlorine is one of these allotropic bodies, having 
n double form of existence. That^ as cointiionly preparotl, 
it is in its pmsive .state; bnt that on exposure to th« 
indigo rays or other causes it changes and assumes an 
active form. That, in this latter state, its uftinity for 
hydrogen becomes so great that it dectnnj^oses water 
M'ithout difficulty, as in the e.\|)erime»t Avhich this Mem- 
oir is designed to illustrate. 

On the Jielation of the J^tvcet/ing Conclusions with t?ia 
Theory of StihtttitutioiiH. 

Having thus explained the facts ^^ hich appear to indi- 
cate the allotropism of chlorine, I -sluill now offer some 
considerations on its connection with the theory of sub- 
stitutions of M. Dumas. 

Admitting the fact that the electro-negative qualities 
of <'hK>rine are exalted upon its exposure to the indigo 
rays, and that the resulting effect is not a temporary 
change, but one lasting for a considerable period of time, 
we can givi- a very plain ami simple account of the de- 
compusltion of water by this gaseous substance under 
the influence of sunshine. 

On the same princijile that a mixture of chlorine and 
hydrogen may be kept in the dark without union for a 
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long time, so mny a solution of trlilorine in water be pre- 
served. The clilorine is in an inactive state. 

But if anything be done to make the ehloniie talce on 
its other fomi nnd pass to the active eonditiuii — if it l>e, 
for example, set in the sunshine — its affinity for hydro* 
gen is exhibited and decomjtositiou is the result 

The qualities thutt communicated to the chlorine not 
being of a transient kind, but remaining for a length of 
time, we see how it is that after an ex|K)sure to the sun 
decomi>osition is subsequently carried forward in the 
dark. 

The indisposition of chlorine to unite witli carbon, 
which has been res^aitled as a »*ingular (junlity, is not 
more remarkable than its indi4[>o:«ition to unite with hy- 
drogen in the dark. 

If the |>ower assumed >»y chlorine of uniting with hy- 
drogen and carl>on depends on a change in its electrical 
relations — a pasf^nge from the passive to the active state 
— we might expect that those various causes which in 
the case of other elementary bodies bring about anal< 
ogoua changes^ and throw them fi-om one nllotropin con- 
dition to another, would here also exercise a |>ei^:eptible 
action. Among such causes we may enumerate the ac- 
tion of a high temperature and the contact or presence 
of other bodies. 

It may be remarked, in the instances to which Berze- 
lins has refeiTod, that exposure to a high temperature is 
one of the most frequent causes of allotropic change. In 
the oane of chloi-ine the remark hohls good, fur, as is 
well known, when a mixture of chlorine and hydrogen is 
passed through a red -hot tube, hydixichloric acid forms 
with rapidity. The high temperatui'e, therefore, impreBS- 
cs on chlorine the same tendency to unite with hydrogen 
which is communicated by the solar rays. 

But the contact of other bodies fretjuently dctermiuea 

U 
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ID a given substance nn alldtiMjiic elmnge. Thus, wli«n 
a piece of iix>n is placed in nitric acid in contact with 
platinum, thu itoq becomes less electro- positive, or, wbat 
is the same thing, more eiecti'o-negntive, than it was be- 
fore, and the uc:iil can no longer oxidize it. Tlie contact 
of the very same substance, platinum, determines au an- 
alogous change in cliloi-ine — giving it at once tlie capac- 
ity of uniting willi hydrogen. The porous condition of 
spongy platinum is not essential to the result^ for clean 
platinum foil exhibits the same phenomenon. 

In the case of iron, the aetinii «f a high temperature 
or the contact of platinum throws the metal from the 
Rctive to the passive ntate; in the case of chlorine the 
same causes a[)parent]y produce the opposite rusuU, 
throwing the gas from the passive to the active state. 
But the differenee is rather in appearance than in real- 
ity. In both cases it amounts to the same thing, and ia 
an exaltation of the electro-negative qualities of eitber 
substnnce respectively. 

The same causes, tlierefoi-e, which produce allotropic 
changes in other bodies pi\)duce analogous changes in 
chlorine. 

Now, among the physical facts connected with the 
theory of types and substitutions, two arc prominent: 
Ist The iiDioa of chlorine with hydrogen, giving nse to 
the removal of that hydrogen as hydroiThloric acid. 2d. 
The subsequent function discharged by the chloriue, 
which has entered as an integrant jioilioii of the mole- 
cules, and occupies the place of the hydrogen removed. 
This function is in many instances that of the hydrogen 
itself, and it is this fact ^vhich is the remarkable point in 
the phenomena of substitution — that an intensely elec- 
tro-negative body can act the pai't of a positive body. 
It is this fact which is leading chemists to the conclusion 
that the properties of eoiupound bodies arise as much 
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from the iiiotle of grouping of llieir constituent atoms as 
from tbc qualities of those atoms themst^lvea. 

But, it' it 1)6 atlinitted that the experinieuts rehited in 
this Mfinoir establish the all<»tropi8m of chloi'ine, then it 
is jilaiii that a very diffV-reut ami perhaps satisfactory 
account of the phenomena of substitution may be giveu. 

As has been already said, no difficulty can arise in 
accounting for the removal uf hydmgen from organic 
bodies, or for the fii-st fact just alluded to. This remov- 
al will ensue whenever processes are resoi-ted to which 
bring the cfaloriue into an active state. When we ex- 
pose acetic acid and chlorine to the sun, the latter be* 
comes active, gains the quality of uniting with hydi-ogeii, 
an*l cidoracetic acid forms. Piobably the same change 
could be brought about by the aid of sjwngy platinum 
and heat. 

Uj>on the second fact — the similarity of function dis- 
charged, by the chlorine which has replaced the hydro- 
gen atoms with the function of those atoms themselves — 
a flood of light is thitiwn by (tther phenomena of allot- 
i-opism. If a piece of iron be dipped in hydrated nitric 
acid, though it may be acted on for a few momentis it 
rapidly becomes passive. And so with the chlorine 
atoms which have substituted the hydwgen. In the 
circumstances in which they are placed they rapidly re- 
vert from the active to the passive state. They are no 
longer endued with an intense electro-negative quality 
— they have assumed the condition of inactivity. The 
fact that chlorine in chloracetic acid simulutcs the func- 
tions of hydrogen in acetic acid is not more remarkable 
than that iron touched by platinum under nitric acid 
simulates the p|-t){>erties of that nolde metal. 

Do not, tliei-etbre, these circumstances seem to point 
out that if we admit the fact that simple substances can 
exist in different states, in a passive and an active form, 
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the pbenomena of sabstitution are deprived of niucfa of 
their singularity. 

Thus, to recall once more the example to which 1 have 
before leferrwl, anil which has been so well illustrated 
by the reseaiches of Jl Dumas, the transmutation of^ 
acetic into chloracetic aciJ exhibits a double phenoiu* 
eiion. 1st. The existence of aetivK ehlurine, expressed 
by the removal of hydrogen, activity having been com- 
municated by the rays of the suu, or by some other ap- 
pi-opriate method. 2d. The existence of passive cbloriue 
in the particles of chlor-acetic aci<l. 

I consider thnt, were no other instances inown, tbo 
two cases cited by Berzeliiis of the double forms of silicic 
acid and ni"8enious acid establish the fact that a giiren 
alloti'opic condition may be coutinued by au elementary 
atom when it goes into union with other bodies. And 
I rogaiti the various cases in which hydi-ogen is replaced 
by iodine, bromine, etc, in which, in the resulting cora- 
)>ound, those energetic electiv-negative elements fail to 
give any expression of their presence and activity, as 
analogous to other common and too much overlooked 
facts. Chlorine which is in the dark may be kept in 
contact with hydrogen without exhibiting any of its 
latent energies. Touched by an indigo ray, it instantly 
a.ssumes the active state, and a violent explosion is the 
result. 

To use, therefore, the same nomenclature to which 
Berzelius has resorted in the case of other alloti-opisms, 
we may designate the ordinary form of chlorine made 
by the action of hydrochloric acid on peroxide of man- 
ganese as Oft, and ailmit that this passes into the con- 
dition Cla by the action of the solar rays, coutftct of plat- 
inum, or a high temperature; ami that in any case of 
sabstitution the hydrogen is removed under the coi 
dition Cla, and the resulting compound contains CIj3,' 
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the asaiiraption of the passive state disguieing the pres< 
eiiee ot'tliu uU;ctitMH'gativt' atom. 

Tbt! ttxplaiiatiori liens given of the phenomena of 
BubstitutiuDs ittvohes the j>osilion that chloiine when 
brought ill I'elatiou with carlxiu under ceitaiu circum- 
Htaiices is tbmwii into the [uii^ive ^tatt^, the Btate C)^. 
"We uatui'ally look for dii-et't evidence that this is the 
case. It seems to me that tliere are many well-known 
chemical facts teuding to establish the passive conditiou, 
lu the firat case to which we turn, the chlorides of car* 
bon, the inactive state is estidilished in a striking man- 
ner. The affinity existing between chlonne and carbon 
is apparently feeble; yet when these bodies have once 
uniU'd the chlorine is brought into such a condition 
that it has lost the quality of being dt;teut«d by the or- 
dinary t*«ts which determine its pii-senee. How strong* 
ly does this contrast witli the case of bydixichlonc acid I 
A feebltj afBiiity unites carbon and chlorine, an intense 
affinity unites hydrogen and chlorine; yet in the former 
case the chlorine is undiseovfi-able by the commonest 
tests, in the latter it yields to them all. And the causes 
are obvious; in the one case it is in the passive, in the 
other in tlit! active condition. 

I have hitherto spoken of the active and passive 
states as though they were fixed points in elementary 
bodies, and as though the transition from one to the 
other were abrupt and sudden. I have done this that 
the views here offered might be unembarrassed and dis- 
tinct. But there are many facts whicli serve to show 
that the passage from a state uf complete activity to a 
state of complete inactivity takes place through gi-adu^ 
al steps. Thus, in carlxm il«e1f| there are undoubtedly 
many intermediate stages l>vtvveeu the almost spoutane- 
ously inflainmable varifties and diamond, which, under 
conunuu circumstances, is incombustible. Berzelius ad- 
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raits tbi'ee allotropic conditions of this body, Ca, C(3, Cy. 
Between the first aud last terras of this seiies it is prob- 
able that several iuteriuediate bodies besides plumbago 
might be fournl, their existence establishing the gradual 
passage from one to the other state. 

For similar reasons, in this Memoir the illustrations 
and arguments given have for the most part been re- 
stricted to one svibjeet, chlc»riiie. It nefc<l scarcely be 
pointed out, in conclusion, tliat if the views here ofl'ered 
be true, very much of this reasoning may be transferred 
to other bodies, as oxygen, nitrogeu, hydi*ogen, suljthur, 
etc. When oxygen and hydrogen ai"e mixed, tliere is uo 
disposition exhibited by tlieiii to unite; and this does 
not arise from their happening to have the gaseous foriu. 
As in the instance we have been considering, if they are 
exposed to a high temperature, or to the influence of 
platinum, the active condition is assumed with prompti- 
tude, aud union takes place. 

The power possessed by carbon of throwing Ixidiea 
into a eompletely passive state is far fioiu being limited 
to chlorine. It i-eappeai-s in the case of sulphur. The 
sulphide of carbon yields to none of the tests to which 
we conunonly resort for determining the presence of sul- 
phur, for the simple reason that its sulphur is in an inao* 
tive state. This substance, moreovc]-, serves to illustrate 
what has been said of the gradual passage of bodies 
from a state of complete activity to oue of complete iu- 
nctivity. BerzeliuK r(•cJ^lgniz(^s for it three diffi-ii'ut allo- 
tropic states — an alj)ha, beta, anil gannna condition. lu 
none of these is it in that condition of absolute inactiv- 
ity which it assumes in the sulphide of carbon.* 



* Fof thcM «xiun|tle>, the ehlflriite nnJ tulpliide of Aniimn, 1 am indcUftl tn M. 
Millon'* pit]ier, " Itemnrlt-i nn tti« Klemflnts Mihich Pompose Organic Snhalnnce*. nml 
(<n thfir Slude r>f romhinniion.'in iho CinnpUs Ilfndin: I. xix., p. t9it. That rheio- 
ii>r, huvtcTer, gi^n a VC17 diffoicnc exiilnnuiiuii vttlie iilicnumenu inrolrod. 
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In offuriiig these experiments and arguments to the 
consideration of cheuiisto, I am fully aware of the mag- 
nitude of the change which would be impressed on the 
science geuerally, and cHjM'cijilIy on several modern lhei>- 
lies, by their reception. Tbe long-vstablished idea of 
the immutability of the properties of elementary bodies 
would, to a certain extent, be sacrificed; and it is prnlh 
al)Ie that bcfoi-e these results ai*e conceded more cogent 
evidence of the main pnnciplc will be required. In the 
meantime, however, it is plain that the admission of 
these doctrines throws much light on theories now ex- 
tensively attracting attention, and for that reastm thoy 
commend themselves to our consideration. I have of- 
fered no opinion here on the atomic mechanism involved 
in these changes from an active to a paftsive state, 
though it is impossible to deal with these things with- 
out the reflection arising in our minds that here we are 
on the brink of an extensive system of evidence con- 
nected with the polarity of atoms — an idea which, under 
a variety of furms, is now occurring in eveiy department 
of natural philosophy. 

UitiTKurrY or Nbw Yomk, J^f 29, )St&, 
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MEMOIR XXI. 

ON THE INFLUENCE OF LIGHT UPON CIILORIWE, AND SOME 
BEUAKK8 ON ALCHEMY. 

From the Pbllonpliicft] Haguine, Ncn-omixr, tS67. 

COKTESTs: — Modijication ofrUorineby lA««un-rayA — The mndifitation 
it not irati*imt, — Alchemical attempt* to modify melalg. — Jirpwiun 
ttf ailvtr fkloride to a buminff-Una, — The rtaitlttng ttlver it not aeltd 
vjDon by tUirk add. 

Several years ago T observed that wlien a mixture 
of chlorine and hydrngen ia exposed to light, union does 
not occur at once, but timt a certain time timst elu|>s(; 
during which absorption takes place, the combination 
then proceeding in a uniform manner. 

It is by the chlorine that this absorptive agency is ex- 
ercised, the indigo ray It^ing mainly concerned. Autl 
not only is it that ray nfaicb is thus absoibetl: to it 
must be attrilnited also the subsequent couihinatiou. 

Among several other facts connected with tliis subject, 
which may be found in the Philomphical Mmjazhie 
(July, 1844), The American Journal of tScience, Vol, 
XLIX., and other publications of that time, there is one 
to which 1 would particularly direct attention. Chlo- 
rine which has been ex|)osed to the sun h:w obtained 
properties nut possessed by chlorine which has been 
made and kept in the dark, and the change is by no 
means transient. It lasts for many hours, and even days. 

In their recent examination of this fact, Pnifessor Bun> 
sen and Dr. Roscoe do not appear to regard the modifi- 
cation in question as being of so permanent a nature 
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Perhaps it may have been that the insolation to which 
they eubmitttitl the chlorine was not continued sufficien^ 
ly long, or perhaps the light was not sufficiently intense. 
My opinion was founded on three different conditions of 
the exjienrnent — 1st. On tlie Iwhavior of chlorine itself 
confined over Bait water; 2d. On the effect of a mixture 
of chlorine and hydrogen in equal volumes as disengaged 
fn>ni hydrochloric acid hy a voltaic cuiit^nt; 3il. On the 
action of a solution of pure chlorine in distilled water. 
In each of these instances, the active properties imparted 
to the chlorine by esirosui-e to light wviv plainly pe^ 
ceptible for a long time after. Indeed, I infer from the 
exjtenments of those chemists that they found the effects 
to continue for a certain brief period. If they do so 
continue, though only in a momentary manner, after the 
light has been shut off, I do not nee in what other man* 
ner we are to explain the result tlian on the jjrinciple of 
a change in the relations of the chlorine. In this inter* 
pretation it is very well known that Berzelius coincided 
in hia account of my exjKjrimenta in the Anntutl Meport 
for 1847. 

At first I thought that there was n general analogy 
between the case of chlorine thus thrown into an active 
state and that uf iron in its passive condition. An iron 
wire wliich has been made passive will (piickly rt^vert 
to the condition of activity if snbniitted to any jarring, 
vibration, or other trivial disturbance; its passive state 
being in one s*Mise ]H'niiatient, though very easily lost. 
But subsetpiently I found many reasons for supposing 
that the imi>ression is of a much more lasting Datui*e, 
and resembles that on phosphorus allter a similar expos- 
ure to the indigo rays. As an illustration of what is 
here meant, I may ixlato that having obtained a thin 
stratum of perf»«tly white jihosphorus Iwtween two 
pieces of glass, I exposed it to a motionless solar spec- 
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tium, ami found that it turneJ to a Jaikl^i-own color ia 
those spaces on which the more refrangible rays fell, the 
effect ivnching a miixiinuiM under the intligo ray. The 
fixeil lines nf Fraunhotej- were very prettily depicted, && 
white streaks, particularly the large ones at H. I kept 
the sample of phosphorus fur several years without its 
showing any <)i.<po8itioii to resume the active state. 

Professor Buuseii and Dr. Roscoe dwell very nppro 
priately on the dlstiirljing efftTt^s of niiniite quantities of 
extraneous gases mingled with chlorine on photo<:l)eiu> 
ical induction. No one who has used a chlor-hydrogeu 
photometer can have fiiiled to make a simihir i-eniark. 
My attention has been directed to that subject in its 
more general aspect, and I will ingenuously confess that 
I have made several attempts at tlie transmutation of 
metals, on tlie principle of compelling them, by the aid 
of solar light, to be tlisongaged from stflte.s of combina* 
tion in the midst of resisting or disturbing media. 

The following is a description of one of these alchpni- 
ical attempts: In the focus of a buniing-lens, t\velv« 
inches in diameter, was placed a glass flask, two inches 
in diameter, containing nitric acid diluted with its own 
volume of water. Into the nitric acid were poured alter- 
nately small (piantities of a solution of nitrate of silver 
and of hydrochloric acid, the object being to cause the 
chloride of silver to form in a minutely divided state, so 
as to produce a milky liquid, into the interior of which 
the brilliant convei^ing cone of light might pass, and the 
currents generated in the flask by tlie heat nnglit drift 
all the chloride successively through the light. The 
chloride, if otherwise exposed to the sun, blackens mtre- 
ly upon the surfaee, the interior parts undergoing no 
cliange; this difliculty I therefui-e hoped to avoid. The 
burning-glass promptly brings on a decomposition of the 
salt, evolving on the one hand chlorine, ami disengaging 
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ft metal on tlie other. In mie experiment the exposure 
l«sted from ] 1 A.M. to 1 P.M. ; tliia was, therefor*', equal 
tw a continuous niiil-tlay aun of seventy-two hours, Tlie 
metal was tliseiigagftl reaiUly. But what is it? It 
cannot he silver, sine*** nitric acid has no action upon it. 
It burniNhed in an agate mortar, but its i-eflection is not 
like the reflection of silver: it is yellow. The light 
must, therefore, have no transniuteil the original silvHr 
Hs to enalilt! it to exist in the pnwiMice of nitric aciil. In 
3837 1 pulilished some ex]M*riuie))tti on the nature of 
this decomposition in the Jountal of the J^ixinkiin In- 
stitnfe. 

Though this experiment, and several mollifications of 
it which I might relate, fnil to establish any permanent 
change in the metal under trial, in the sense of an actual 
transmutation, it ^^ites not follow that we should despair 
of Hnal success. It is not likdv that Nature has mwle 
fifty elementary substances of a metallic form, many of 
them so closely resembling each other as to W with dif- 
ficulty distinguished. Moreover, chlonne and other ele- 
mentary substances can l>e change*! by the nunllglit in 
some respects permanently ; and if silver has not thus far 
been trnnsnuited into a more noble metal, as platinum 
or gold, it has at all events been made transiently into 
something which is not silver. Th*we who will reflect 
A little on the matter cannot fail to observe that the 
sim-rays really possess many of the powers once fabu- 
h^usly imputed to the powder of projection and the pbi- 
Io84>phcr'a stone. 
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MEMOIR XXIL 

OK THE ACTION OF OLASS AND QUARTZ OX THE KADI- 
ATIONS TIIAT PRODrcE PHOSI'ItORESCENCE. 

From tlie riiilo»o)iliu:«l Mii4;ax'uie, Aug., ISM. 

CoHTBBTS : — PhoKphoreaeenee by rayg from a Leyden gparJt through 
quartz. — Frotn Ihr follaic art.— /I i« vcfosiontd by Ikt more rr/roH- 
ffihie rays. — Impervioiitnf»» f^' t/iatx. — Proftttor Ifenry't erptrintetitt, 
— Compariaoa of the rJtemical and phfnp/iora^enle rayt. 

At the tlistn-iice of sis inchi-s fiiitn tlie termiimtioiia of 
two blunt wires, between wliu'h tlie spark tix>ni a Lev- 
deii-jur was caused to pat^ I ]>luced a lens of t^tinrtz, tbe 
focus of whieh for paralli-1 rays was six inches, and tlieu 
intercepted the resulting beam by a diapliraj^m, with a 
circular aperture in it one third of an inch in diameter. 
I had caused an equiiingular prlsin of quartz to ho cut 
and polished i'rom a large and faultless crystal; it was 
cut transvei-se to the axis. This prtsm I pinccd iu such 
a way that, in dispereing the beam coming tliiv>ugli the 
circular aperture, I got rid of double refraction aad ol> 
taincd only one spectrum; this was received on a metal 
plate, which, having been washwl over ^vith gum-\vat**r 
and sulphide of lime dusted on it, ofiVred a unifonii 
phosphorescent siii*faee whieh might lie set in a vertical 
plane. \Vlien the spark passed, I saw that tbe plaU; 
was phosphorescing on those portions where the more 
i-efrangible rays had fallen. 

But the transient light of a Leyden spark did not last 
long enough, nor was the phosphorescence it piwUicetl 
powerful enough to enable me to conduct the exp^ninent 
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in a way entirely satisfactory. I resorted, tberefoj*, to 
the brilliant liglit obtained when a piece of metal, or, 
what 13 better, the hard variety of carbon obtmruHl from 
gas-retorts, ia lowered n|ion merciiry entirely filling a 
very small open j)orct;laiu cup, and the continuous dis- 
charge of a voltaic battery passed. The battery used 
contained fifty Iiain* of Grove's cells, hut a suialler Duiu* 
ber would have been amply sufiicient. 

As soon as the light was emitted, I marked on the 
lime sulphide the beginning of the red, the centre of the 
yellow, and the termination of the visible violet ray. 
Then, stopping the cun-ent, I examined on what parts 
the plate was phosphoi-oscing. The commencement of 
the glow was between the indigo and the blue; towai-ds 
the blue it e,\tended far beyond the visible boundaries 
of the spectrum. 1 eoul<l not see any divisions or point« 
of ma.ximum in it. The surface of the plate shone all 
over except in the region of the less refrangible rays, 
and there were traces of the negative action which M. 
Becijuerel has illustrated in the cases of the solar ema- 
nations — mys which, however, were first observed in the 
last ceutury. 

It is necessary to remark that the rays from the voltaic 
dischat^e resemble those from an electric spark in their 
inability to pass through glass. On this observation all 
the value of the foivgoing experiment depends. 

But it can neverilieless be easily proved that although 
gla^ is imj>ervious to the phosjthorogenic emanation 
coming from the voltaic deflagration of any metjilHc bod- 
ies, the observation ap]>lies to transient discliargea only. 
A voltaic light which lasts but a moment fails to cause 
phosphori'SK^ence through glass in the same way that an 
electric spark does; but if the discharge be continued 
the surface presently 1>egins to glow, and if nmtntaiiieil 
for several miniites it shines as brightly as though a 
piece of quartz had been used. 
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The ina)jility of an electric spark to cause iihosjilior- 
escence is connectyJ with its tiiuisient iluration. The 
voltaic light enables ns at pleasure to imitate the effects 
of au electric sj>ark or those of the sun. The phosphor- 
ogenic niys, whether they originate in an electric Hjiark 
or from the sun, occnpying thus the same place iu the 
spectrum, and even exhiliiting the same peculiarities as 
the cheinic^il rays on ioillde of silver, we Iiave next to de- 
termine whether this is an apparent or a |M)sitivc itientlty. 

Professor Henry, of Princeton, read a paper before the 
American Philos(»phical Society, in May, 1H43, in which, 
he discussed all the leading mechanicjil proi>eitie3 of the 
]>ho9phorogeaic rays, and, among other important exper- 
iments, made some with a view of determining this par- 
tieular questiou. A daguerreotype plate and some lime 
sulphide were simultaneously exposed to the sky : the 
plate was stained, but no effect was produced on the 
lime. A daguerreotype plate and some lime sulphide 
were exposed to the light of an electric sjtark : the lime 
was observed to glow, but no impi"ession was prodtmnl 
on the plate. When the plate was exposed to a succes- 
sion of sjiarks for ten minutes with a sheet of mica inter- 
posed, au impression was made. Lime exposed to th« 
mown did not phosphoresce, but a sensitive plate under 
the circumstances is said to be stained. In view of 
these different facts, Professor Henry observes: "These 
experiments, although not sufficiently extensive, appear 
to indicate that the pliosphorogenic emanation is distinct 
fi'om the chemical, and that it exists in a much greater 
quantity in the electric spark than either the luniiuous 
or chemical radiation." 

From Wilson's experiments it appeare that he wj 
aware that when tlie phosphorescent surface is waituf 
so as to hasten the disengagement of light, the moon- 
beams may be found to have left traces of action upou 
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it, feeljle, it is true, but nevertheless very nppfli*cnt We 
have seen, also, that the peculiarity of an uleetrie spark 
is due to its transient duration. Before, therefure, a 
Jlnal J<*cision can b« olitainetl on this jmint, we are re- 
<piire(] to examine the efit^ts nt' the clieiuical ifiys and 
phuspborogenic emanatioDs under circumstances which 
are pi*ecisc]y similar as to intensity and time. 

Fur the transient rays of an electric 6]>ai'k, (juartz is 
transparent and glass is nearly oj)aque. Having pre- 
pai-wl a bromo-iodizeil silver platu so as to be exceeding- 
ly sensitive*, I set in front of it at the distance ofaliout one 
thiixl of an inch a disk of quartz and one of cruwu-glass 
of wpial thickness, and between a jiair of coj>per wires, 
the interval of which was three eighths of an inch, 1 
passcti the s|>ark of a Leydenjar fifteen times; the dis- 
tance between this spark and the sensitive plate wils 
about two inches, Ou mercurializing this plate, it was 
deeply whitened all over, equally so through the glass, 
through the quaHZjand on the uncovered s]>nce8; but a 
B^jot of sealing-wax which I had put on the glass left it« 
shadow on the plate beautifiilly dfi>icted, so also wei-e 
the edges of the glass and the quartz. The two disks 
overlapped one another to a certain extent, but the cur- 
responding portion of the silver plate was a3 deeply 
stained there as anywhere else. 

Ne.\t I put a surface of lime sulphide in the place of 
the daguerreotype plate, everything eke remaining as be- 
fore. On jiassing fifteen sparks the lime phosphoresceit 
powerfully under the quartz, but not under the glass, so 
that the difference between ibt shadtiw and that of the 
sjwt of wax could not be distinctly (n-en. 

For these reasons, therefore, I adopt the view ex- 
pressed by Professor Henry, that the phosphorogenic 
emanation and the chemical rays are distinct. Under 
the same circumstances glass is transparent to the one, 
to the other it is opaque. 
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MEMOiu xxni. 

on a tekmarkable diffeuksok botwken the hays of 

incjVndescent lime and those ejutted by an 

electric spakk. 

From ibo i'hilotophivul ftLmuiiiie, December, IMSL 

CoSTBJiTS : — ?i^im-permfabiiily of ptaa to itptrri radiation*.^— Pavunbil- 
ity to tttldHiit'tii/ht radiatioH*. — Di^trfnt rr/ivnt/ibHittf of titt wpttrk 
atui the micittm-Iirr/il mi/m/«niu. — Shaiioiet inthtdiifti in Canton u 
pho»phorui, — Svolttlion of old ukadotex in art order of' saetesihon, 

Some years ago M. Becquerel discovered that the rays 
of an electnc spark, if transmitted through a screen of 
glass, could not escito the phosphorescence of lime sul- 
phide. 

To malie this experiment, wash a metallic plate over 
with gum-water. Dust upon it fi-oin n fine sieve a quan- 
tity of Canton's phosplioriis (oystur-shi'Ua ealcineil with 
sulpliui), and allow the plate to dry. A unifortn sui-face 
ia thus ubtained suitable for these purposes. Place be- 
fore that surface a piece of glass and a piece of polished 
quartz, and discharge a Leyden-jar a feiv inches off, so 
that the rays of its spark may fall on the plate. It will 
be found that under the (pmrtz the phosphorus will 
shine as much as on the si)ace8 that have not been cov- 
ered, but under the glass it will remain almost entirely- 
dark. 

Last winter I observed the curious fact that when this 
experiment is made with a piece of lime incandescing in 
a stream of oxygen directed through the flame of a spirit- 
lamp, the glass, so far fi-om being unable to transmit the 
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rays, ajijiears to be us transparcDt to them as quartz oi- 
atmogpfieric air. 

A screeu of glass is opmiue to the pbo9|tlioi-oi^enic 
rays of an electric apark^ but it U quite traiispnrunt Co 
those of incandesctiut lime. 

It might be supposed tliat the very brief duration of 
an electric spark has someihiiig to du with this phenom- 
enon, but the volcaic arc passing Iwtween charcoal points 
gives the same I'esults. I causetl it-s rays to impinge on 
a plate for thirty seconds, and ubsei-ved the obstructing 
effect of glass in a veiy satisfactory manner. That a 
certain ]}ui'tiun of the rays passes thiuugh niny he 
shown by continuing the light foi' a few minut'es, when 
the phospliorus will begin to shine under the glass, 

I came to the cuncIuBion, also, that the transient dura* 
tion of the light had nothing to do with the phenomenon, 
because the lime light occasions phosphorescence through 
glass in the space of a single second, but in that time 
the i-ays from a %'oltaic are could not traverse a piece of 
glass no as to pnHluce a sensible effect; the phosphorus 
beneath it appearing quite dark, and yet thi» light is in* 
comparably brighter than the lime light. 

Tlie bbie light emitted when a platinum wire in con* 
nection with one jwle of the voltaic battery is bn^ught 
down npon some mercury in connection with the other, 
and the green light obtained when the cop|>er wires are 
the medium of discharge, appear to procluce the same 
effect as charcoal jMiinta. 

It is therefore neither the color nor the duration of 
the light that determines this i-esult It seems to depend 
<m a peculiarity of the electric dischanje. 

Some time ago 1 determined the refrangibility of the 
rays of an electric spark which excite phosphorescenoe 
in lime sulphide; they are found at the violet extremity 
of the spectrum, I have made attempts to ascertain the 

X 
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position of the active rays of iucnn descent lime. Thej* 
cannot pass through thti blui^ solution of amniouio-Bul- 
phate of copper, but tlirough the red solution of Rulpho- 
cyuniJe of iron, and also tlirongh a strong solution of 
bichroniatt! of jxitash, thoy pa.ss; in the latter case al- 
most as copiously as tUt-ougli atmospheric air. 

The phosphumgeuic rays of an tleciric spafk are in 
the viol«t spuL-e, but those of iui;aiideacent liiiitJ are at 
the other extrennty of the spectrum. 

An ArgaiiJ lamp, when raadu to burn very bngbtly^ 
emits phosphorogenic rays which traverse ghifis. Ah 
tiai! l-temi proved long ago, the suu-rays possess the same 
pi-opeity. 

Thu», therefore, the rays of incandescent lime, of an oil- 
lamp, and of the sun C4in excite pbosi])horescence throug^h 
glass, and differ from those uf an electric spiirk or voltaic 
discharge, in which that peculiarity is deficient 

I have also remarked some curious cases of p]>**ctral 
appearances. They are analogous to those instances to 
which I fii-st drew public attention in 1840, and which 
at a later date M Moscr brought before the Britissh A»- 
sociation. They are interesting as affording an ocular 
proof of secondary radiation. The following experiaients 
may serve, as illustrations; 

Place a key or any other o]>ai]ue object before a sensi- 
tive phosphores<!ent surface, and having made that sur- 
face glow intensely by n voltaic disehnrge between char- 
coal points continued fur t\vo or thi*ee minutes, on jv- 
moving the key an image of it will of course be seen. 
This ininge in a short time will disappear. Then shut 
the ](Iate in a dark place, where no light can have ncces« 
to it in the daytime. If in a day «r two the surlnee lM^ 
carefully inspected in the dark, no trace of anything will 
be visible upon it; but if it be laid on a piece of vi*nrm 
iron, a sjwctral image of the key is suddenly evolved. 
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It 13 still more curious that a numbei* of these latent 
images may oo-extst on the same surface; Provide a 
phosphorescent suifaoe on ubicb the latent image of a 
key impi-essed a tiny or two before by a voltaic discharge 
ia known to exist. Take sornc otiier object, as a metal 
ring, and setting it before the sui-face, discbaitce at a 
short distance a Leyden-jar. The phosphorus shines all 
over, save on those portions nhmled by the ling; it ex- 
bibits, therefore, an image of that body. This image 
soon fades away and totally disappears. Set the plate 
now upon a piece of warm iron; it soon begins to glow, 
and the image of the ring is first reproduced, and as it 
declines awny tlie 8|>e<rtra] funu of the key gradually un- 
folds itself, and after a time it totally vanisbi's. 

A series of s]>ectral images may thus exist together 
on a phosphorescent surface, and after renmining there 
latent for a length of time, they will cume foith in their 
proper order on raising the temperature of the surface. 

The i<lea tliat phosphorescence is merely the light of 
an electric di.«(ehai^e from partiele to ]iarticle seems to 
me wholly incompatible with such results. 



321 THE ELECTKO-HOnVE FUWEK UF UI^AT. [Mkmoui XXIV. 



MEMOIK XXIV. 

ON THE ELECTROMOTIVE POWEK OF HEAT. 

From tho PhiloMifrhictil SLtgaiino, Jitne, ItMO; Harfcr'* Sl^aUae, No.3S8. 

CoxTKKja:-— Sxperimfntal arrangement to determine the eiectro-mo/iee 
pouer. — Ttmperafurts ealeutattd from quantitUt of tUetricittf. — In- 
crease 1}/ tensum mtk increase of temperature. — Depends on inrreaMtt 
rttialance to cvnduttion. — t^uantHy of electricity independent v/^ heattd 
turface, — In thermo-electric pilea the quantity <^ tl«ctricitjf i» proper^ 
lioTtai to the number of pain. — Beat forma of eon^nutton of thermo- 
electric pain. 

From the Memoir of M. Melloni "On the Folarizatioa 
of ileat " iuseited in the second part of the tii-st voliiiue 
of Taylor's "Scientific Memoirs," we learn that M. Beo- 
querel, as well as hinistilf, hud made expfrimerits to (!«• 
t^rcaine the quantities of electricity set in motion by 
known increments of heat. Fi*om these esperimei»t« 
they conclude tliat thi*»»ugh the whole range of the thei*^ 
raometric scale those quantities are directly projMntional 
to each other. 

But as thermoelectric currents are now employed in 
a variety of delicate physical investigations, and as there 
a[)pear3 t*) l>e much miscsmception as to their character, 
I propose in this Memoir to show — 

1st. That equal inci'eroents ot heat do not set ia mo-, 
tiou etjual quantities of electricity. 

2d. That the tension undergoes a slight increase with' 
increase of temperature, a phenomenon due to the in- 
creased resistance to conduction of metals when their 
temperature rises. 
' 3d, That the quantity of electricity evolved at any 
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given temperature h independent of the amount of beat* 
ed sui'fnce; a raei*e point lieJng just aa eOicncMous as an 
indefinitely extended surface. 

4tli. That the ([Hantity of electricity evolved in a pile 
of pairs is directly proiwrtiona! to the number of the 
elements. 



Fli[.U. 



First, then, as tn the comparative march of electrin de- 
velu])itient witli the rise of temperature iu the case of 
pairs of different metals. 

The experimenul anangemeut which I have em- 
]))oyed is repivsented 
in Fig. 52. A A is A ||fr 

glass vessel, about 
thi-ee inches in diame- 
ter, with a wide neck, 
thitjugh whii-h can l>e 
inserted a meirurial 
thermometer, />, and 
one extremity of a pair 
of electro- motoric wires. The wires I have employed 
have generally )>cen a foot long ami one sixteenth of an 
inch in diameter. The extremities. S, of the wii-es thus 
introduced into the vessel ought to be soldered with hard 
solder; their free extremities dip into the glasa cuj^ //, 
c^, filled with mercury, and immei-sed in a trough, «, con* 
tjiining wat^'r and {Hiundetl ice. By means of the cop. 
]MT wires/*/, one sixth of an Jndi thick. iK>mmnnication 
is established with the raercury-ciips of the galvanom- 
eter. The coil of this galvanometer is of copper wire 
one eighth of an inch thick, and making twelve turns 
only i*ound the needles, which are ast^itic The devi* 
ations were determined by the torsion of a glass thread. 

It 18 8ur]>ri.sing to those who have never betbre seen 
the experiment with what promptitude and accuracy a 



826 



THE ELKCTKOMOTIVE TOWER OF HEAT. [Mbsuik XXIV 



copper nnd iron wire soldered tbus together will iudi- 
cate teni|>f*rature«. 

In tlitr airaiigement now described, M'hen an experi^ 
inunt hfis t« be made, the vessel A A is to lie filled 
two thirds full of water, the l»ull> of the theriuunieter 
being so adjusted as to be in its middle, the soldei-ed 
extremity S (jf the two wires bfing placed iu contact 
with it, and a small cover with suitable apertures ad- 
justed on the to]) of the vessel, so that the steam as it 
U generated may ruiih up aloiigsidt; of the tube <if the 
thermometer and biing the mercurial column in it t*» 
a uniform temperature. If the extremity f>f tlie thenuo- 
electric pair be allowed to rest on the bottom of the 
glass vessel, no accurate results can be obtained ; the 
pair does not then indicate the tein]>erature of the 
water. The commiinicHting ^vi^l•s//' are then jdacetl in 
die cups, the trough e filled with water and pounded ice, 
and carefully suri-oundeil with a flannel cloth. The wa- 
ttir in the vessel A A is then f^raduidly raised to the 
boiling-point by means of a spirit-lamp, and kept at that 
temperature until the galvanometer needles and the ther- 
mometer are quite steady. The same ]dan must be fol- 
lowed when any other temperature than 212° is under 
trial, for the thermo-electric wires changing their teraper- 
atui-e more rapidly than the inei-cury in the thermom- 
eter, it is absolutely necessary to continue the experi- 
ment for some minutes to bring both to the same state 
of equilibrium. 

When a temperature biijher than 212" Fahr., but un- 
der a red heat, is re<piired, I substitute in place of the 
vessel A A a tabulated retort, the tububn-e of wbioh is 
large enough to allow the passage of the bulb of the 
thermometer and the wires. A quantity of mercury, 
sufficient to fill the retort half full, is then introduced, 
and the tubulure being closed by ap|>ropriate pieces of 
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soapstone, the neck of the retort ia inclined npwanls, so 
that tht; vapor as it n.sc» may condense and ilvoyt back 
again without incommoding the operat*>r. As in the 
fornu?r case, it ia here alsc» necessary to continue each 
experiment for a few minutes, to bring the thermometer 
anil thennal [Hiir to the same condition. There ia not 
much difficulty in obtaining any required temperatuix^ 
by raising or lowering the ivick of the lamp. 

The metals I have tried were iu the funn of wires. 
They were in the state found in comnieive, and therefore 
not pure; they were obtained inthe shops of Pliiladel- 

I'*''"- T*,«^ I. 



SuiHoCilw Palri u( MeUla. 



T<-n>|>r'iiiBT«a<l 



ru|>v*w and iiun 

StKrr mid iikIUiIIuiii.. 

ImM niid ixilladinm 

riAliiliiUI Hl"l ou]>|<«r. . . 

Iron and lilvcr 

Irun aiid |Jalia»m 



wp. (w^tr. ttr»F. mt»r. 



In this table 1 have estimated the tenijH'rature of 
biiiliug mei-cury at (>(i2 Fahr. The quantities of elec- 
tricity erolvetl, as estimated by the torsion of a glass 
thread, are ranged in columns nnder their corresponding 
temperatnres. Each series of numbers is the mean of 
fuur trials, the differences of which were often impereep^ 
tible, an<l hanlly ever 
amounted to more than 
one degree. 

Now if this table be 
constructed, the tem* 
pcraturea being ranged 
along the axis of alwcis- 
6a9, and the quantities 
of electricity being rejv 
resented by correspond- riK.u. 
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iog ordinate^, we shall have results similar to those given 
in Fig. 53, iu which it is to be observed that the curves 
given by the systems of silver and iron, copj)er and iron, 
and pnliadiuni and ii-on are <H)iK-ave to the axis of ab- 
scissas; but those given by jdntiuum and copper, silver 
and palladium, and platinum and iron ai-e couvex. 

Let u« now apply the numbers obtained by these sev- 
eral pairs lur the calculation uf tem]>ei-utures, whicli will 
set their action in a more striking point of view. The 
following table contains such a calculation, on the sup- 
position that for the 90 degrees fiom 32' Fahr. to 122" 
Faiir. the increments of electricity are proportional to the 

tcinnemtuixjs. „ 

^ Table U. 
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We are therefore led to the general conclusion that in 
^86 Si'ie differeiU st/iftemH of vutah the deployments of 
diK'irieity tlo Hftt' increase proportionallif with the temper- 
(UnveSy hut in ^mti with greater rapidity and in <Ahet-B 
with le^. 

The results here given I have corroborated in a vavi- 
ety of ways and with a variety of wires. A pair cou- 
sisting of coppt*r and platinum gave for the temperature 
of tin when in the act of con£»ealing 452* Fahr. instead 
of 443" Fahr., the point usually taken. For the melting- 
point (if lead it gave 945^" Fahr. instead of (tl2° Fabr. 
The melting-points of tin, lead, zinc, and occasionnlly of 
antimony and bismuth, were in this manner employed, 
for they allow time for the working of the toi-sion bal- 
ance, and with the exception of bismuth, their tein]iern- 
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iiire appears to be steatly all the while they are in a 
granular condition before they Hually solidify. The ac- 
tion of these metals on the thenwo-eiectric pair is easily 
prevented by dipping it into a cream uf pipe-clay. 

A pair uf cu]jper and plutinuni gave fur & dull red 
heat 1416° Fahr., and tor a bright re<l SlOI^Fahr. 

A pair of palliidinin anil platinum gave fur a dull r&\ 
1850' Fahr., and for a bright i-ed 'iy^a" Fahr. 

Some of the combinations into which iron enters as 
an element give rise to remarkable results. Thus, if we 
project the curve given by a system of copper and iron 
we shall find it resem* 

bling Fig. 54, where 

the maximum ordinate 
f> occui-s at a temper- 
ature of about 600** 
Fahr. ; the jioint c ajv 
pears to Iw given between 70*) and 800 degrees; ^f by a 
dnll i*eil heat; e is very nearly the j»oint at which an 
alloy of eipial parts of brass nnd silver melts, for if the 
pair be soldeix'd with this substance, it fuses when the 
needles have returned almost exactly to the zero point. 
With haixler solders or with wires simply twiste*!, the 
curve nuty be traced on the Dp{K)8ite side nf the axis 
towards/' its oi-dinates increasing with ivgularity. At 
GO*' Fahr, taking the length of the ordinate correspond- 
ing to a temperature of 21*2* Fahr. as unity, the length 
of the maximum ordinate at h is I.H5, verj- nearly. 

A systeui of silver and iron gives also a similar curve, 
the point b occuning at a temperature rather higher 
than the analogous one for the preceding system, but 
still below the boiling- [mint of niercurj'. 

Now, all thcHe things serve to show that wo cannot 
determine with accuracy unknown tem^ieraturea by the 
aid of thermo-electnc currents, on the supposition that 
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the inci'ements of tlie quantities of electricity aro proper* 
tional to the increments of teinpomturc throiighoiit the 
range of the niercunal tliermometer. 

Let us now pass to tli« second proposition : "That the 
tension iinilergoes a slight incrense with increase of tem- 
perature — a phenomenon »hie to the increased resistAnoe 
to conduction of metals when their tem]>erature rises." 

It will Ikj seen, ou consulting the following table, that 
pairs of (liferent metaU at tlie same teraperatui*e have 
tensions which are apparently very different. 

The currents the tensions ot which are here indicated 
were generated by kee|)lng one eml of tlie thermal pair 
in boiling water, the other ends being inaintaiui^d at a 
temperature of 32**Fahr. 

Taiile Itl. 
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We perceive, therefore, that there apparently exist 
specific diflen'iices in the qualities of electric ciirronts 
derived from different 8ouix:es. If, for example, we take 
A pair of pintinutu and palladium and e.vpose it to a tem- 
perature which shall generate a current capable of de- 
flecting the torsion balance through lOOo", and then 
obstruct it by a wire of sucli dimensions as to stop one 
half, or only allow 500*' to pass, and repeat the experi- 
ment with a cuirent generated by bismuth and antimo- 
ny, the temperature being still so adjusted as to give a 
deflection of 1000°, on making this pass through the 
same intercepting wii*e, perhaps not much more than one 
eighth of it will go through the galvanometer. 

This peculiarity of thermoelectiic currents depends 
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on the eomlucting resistance of the sjPtem tliat gt-nerates 
them. It is possible to give a curivnt a higher or & 
lower tension !>y simply making use of thin or thick 
wires to generate or to c-arry it. In the foregoing table 
the current from ]»latiniim anJ piillailiiini had n high 
tension, because slender wires of those nietnls happened 
to be usml to generate it; and the cnnxtnt from antimo- 
ny and bismuth had a low tension because thick bars 
of those substances were employed. In the former cose, 
thu conducting resistance wa.s greater than in the latter, 
and hence the tension of th« current was higher. 

That this is sliietly true will appear on examining the 
current evolved by any number of systems under the 
aame condition of resistance to conduction. 

In a great number of trials I failed in getting any 
trustworthy ivsulta as respects tension of euriiMits at 
high temperatures, on account of the difficulty of main- 
taining the thei-rao-electric pair at the same degree with* 
out variation. By eniploying, houover, a snuill black- 
lead furnace, to which was adapted a corei-ed sand-bath 
into which the wires could be plunged, I succeeiled at 
last; for with this arrangement a regulated tem]>eratnre 
could be kept up for a length of time. 

The experiment was made with care in the case of 
two systems of metals: Ist, cop}>er and platinum; 2d, 
copper and iron. 

1st. At the boilingjMnnt of water, a pair of copper and 
jtlatinum, the unescited extremity of which was carefully 
nmintained at 67° Fahr, evolved as a mean of four trials, 
three of which were absolutely identical, I2S° of electric- 
ity, of which 23° could pass a secondary wire. 

Then, by the aid of the furnace and sand 'bath, the 
temperature was raised until the pair evolved 783*" m a 
mean of four trials; of these 163^ could pass the second* 
ory wire. Now, 
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Aa 783 : 163 :: 133 : STr} tnnteAd of ^3, 

sliowing, therefore, a eliglit rise of ttiDBion. 

2d. The pair of mpper and ifon gave at the toiling- 
[Hiiiit uf water 300°, of which 57" passed the secondary 
wire. The temperature was now raised, with the follow- 
ing results: 

4!>0 iic£r«e9 passing iltc primniT, !).'■ ifae seeoDdarv wire. 
6i3 " " •' ' IIS " ' " 

MA " " " III " ** 

41)3 it a " 110 " •* 

It will be undei'stood that ftltlmush the quantities of 
electricity indicated in tlie first column do not regulaily 
increase, the teiuperaturea weiv, notwithstanding, going 
regularly upwards: to this peculiarity of the systems 
into which iron enters I have alrnady nlhided. Let iih 
now compare these measures with those obtained tut* the 
boiling-point of water: 

As 19(1 : SS :: 800 : lA InBtMd of h'. 
AfiS : 113 :: 800: til '* 

AlA: 112 :: 3(10: til " 

4WiU0 ::SOO:S7 " 

We find, therefore, that in the case of both these eysteiiis 
of metals the teiisioti slowly rises with increase of teui- 
|)erature, heing much better marked in the latter than in 
the former instance. 

The increase of tension here detected depends unques- 
tionably on incivased resistance to comluction, which the 
wires exhibit as their temperature rises, as the tbllowing 
ex|)eriuient3 show. 

A |>air of copper and iix>u evolved a current at the 
boiling-point of water, which, jwssing through a Tsnre of 
copper eight feet long, was determined at the galvanom- 
eter to be 176*. Having twisted a part of this wire into 
a spiral, so as to go over the flame of a spirit-lamp, eight 
inches of it were thereby brought to a red heat; the de- 
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viation of the needle fell now to 165*, being n deficit of 
11°. lu this experimeut care was taken that no heat 
should be transmitted along the wire to the ounnecting 
Clips. 

The BOiLie was ivpeated with an iron wire of the same 
length and under the same cipfiimstances. The cnri-eat 
at fii*8t being 9U% as soon as thy 8])irid was inmlu i-ed-hot 
it fell to GV^ being a deficit, therefore, of nearly one third 
the whole amount. 

To thu inci'eased resistance to conduction, occasioned 
by an increased temi>eratui*e, we ai-e to impute the slight 
rise of tension obstrveJ iu thenuo-electric curituts. The 
(luantities are of the same oi-der. 

We have next to show " that the quantity of electric- 
ity evolved at any given temperatui>;5 is indi:'i>endeut of 
the amount of henteil suifnce, a mere jwint l>eing just 
as efficacious as an indefinitely extended suiface." 

Tliif ijuautitit.'s of electiifity evolvwl by hydii>electric 
paii-9 increase with the surfaces, but it is not so in ther^ 
mo-electric aiTfingementfl. A pair of disks of copj»er and 
iron, two inches in diameter, were soldered together; 
they had continuous straj*!* projecting from them, which 
Bcrveil to connect thum with the galvanometer eups. At 
the boiting-|X)int of water tliey gave 62* ; on being cut 
down to half an inch in diameter, they still gave 62°. 
On the ilisk being entirely remove<l, and the copper 
made to touch thu ii*on by a mere i>oint, its extremity 
Ix'ing roughly shaipencd, the deflection was still 62". 

By means of n. common deflecting multiplier, 1 ob- 
taine<I the following results: 1st. A copper wire being 
plftcwi in a hath of mei-cury, the temperature of which 
was 240* Fahr., I dipped into it a second copper wire, 
the temperature of which was about GO" Fahr. ; the gal- 
vanometer needles moved through 15". 
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2d. The cold wire l)eing shnrpened to a }>oii]t and 
plunged deliberately iuto tlie luercui-y to the bottoiu of 
tlie liath, tlie deflection was 19". 

3d. lint wlieu I touched the surface of the mercun' 
with the venj point of the cold wire, there was a deflee- 
tiun of 60^ 

Having laid a plate of tinned iron upon tlie surface 
of some hi»t ineivuiy, it ^vas toiicliud witli the point of 
the cold wire. There was a stroug detleetion of the 
needles in the opposite direction to what would have 
been the case had the mercury been tont^heii and not the 
iit)o. The under surl'uee of the iion was, therefore, act- 
ing as a hot face, and the parts round the ]>oint as a cold 
face, beiug teiuporarUy chilled by the touch of the wire. 

These results explain the anomalies observed by some 
of tliosu who investigated tlie course of therino-electric 
currents by means of small metallic fragments. 

It would therefore seem tbat when wii-es of the same 
metal are nsed as electromotors, the rjnnntity of electric- 
ity evolved de]>ends on the quantity of caloric that can 
be communicated in a given time. Time, therefore, under 
these circumstances, must enter as an element of thei-mo- 
electric action. In the caMi of a .single metal, the maxi- 
mum effect would be produced when the hot element is 
a mass and the cold one a point. 



And, lastly, " that the quantities of electricity evolved 
in a pile of paii-s are directly proportional to the number 
of the elements.'' 

In the first trials I made to determine the effect of in- 
creasing the number of pairs in a j>ile, the results ob- 
tained were contradictory; by o|H;rating, however, in the 
following way, the jnopositiyu was at last satisfactorily 
determined. 

1st. The i-esistance to conduction was made nearly 
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constant by uniting all the pairs intended to be worked 
witli at once. Tlie L'uri-ent> thei-elbre, whether geuerated 
by one, two, three, four, or more i>iiii*!», had idways to j*un 
through the same length of wii-1.1, aud ex]>er)euced iu all 
cases a uiiifut'iii reaistauce. 

3d. By making each individual element of consider- 
able K'ngth, the liability of tran.smiasion from the hot tu 
the cold extremity wad diminisheil. 

Having, therefore, taken six pairs of copj»er and iron 
wii-eM, -^ of an ineli thick and each element 38 iuchea 
long, I funned them, by soldering their alternate ends. 
into a couciiiuous battery. Then I successively immersed 
in boiling water one, two, thive, etc., of the extremities, 
their length allowing fivedorn of motion, and the other 
extremities not differing perceptibly from the teni|>er- 
ature of the i-ooni. 

The following table exhibits one of this aerie* of ex- 
perinieuts : 

Tadlb IV. 



.\a.ori>^l«. 


CftlratMwl S«tuUi^iM. 


OkMf w*4 UcvUUmk. 




1 


lU 


M 




i 


110 


til 




3 


\6I, 


i«a 




4 


S30 


ISO 




r* 


»7A 


37S 




G 


SSO 


33S 





llt-nco there cannot be any doubt that the quantities 
of electricity cvolve<l by compound batteries at the sann^ 
temperature are directly proportional to the number of 
the paira. 

With some general rfimarks, arising from the forego- 
ing subjects I i^hnll conclude thitt Memoir. 

1. It is of importance to remember that thermo-electric 
currents traverse metallic niaeses only on account of dif* 
ferences of temperature existing at different poinUs. 
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2, When a current of electricity, flowinti; fi^m the poles 
of a batter_v, ia made to traverse a metallic sheet, the 
whule of it does not piLss in a straight line from one pole 
to the other, but diti'uses itself through the DietAl, di- 
vei^ing from one point and converging to the other. 
The greater part of the current is found, however, to 
take the 8liortest rcinte. 

3. Conibiuing, therefore, the foregoing observations 
(1, 2), we perceive that thei-e are certain forms of con* 
i«trnctiou which will give to thermoelectric arraugf^mciits 
peculiar advantages. For example, the surfaces united 

^ by soldering must not lie too masd* 

ive. I^t A, Fig. 55, be a semi -ring 
of antimony, and B a semiring of 
Itisuiuth; let them be soldered to- 
gether along the line C II, and at 
the point H let the temperature be 
raised : a current is immediately ex- 
cited ; but this does not jwiss around 
the ling A 15, inasmuch as it finds a 
shorter and readier channel through the metals, between 
H and (/, circulating therefore as indicated by the arrows. 
Nor will the whole current pass round the ring until the 
temperature of the soldered surface has become uniform. 
An obvious improvement in such a combination is 
shown at II in Fig. 5G, which con- 
sists ()f the former arrangement out 
out along the dotted lines: here the 
whole cuiTent so soon as it exists is 
forced to pass along the ring. And 
because the moss of metal has been diminished at the 
line of junction, such a pair will chancre 
. Its teTuperatui*e very ipiickly. 

One of the best forms for a thermo- 
fi^a, electric eouple is given in Fig. 57, where 
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A is the section of a semirylintlrical bar of untimony, B 
of outi of bismutb, uultcd together by the o|i{>u»ite cor- 
nel's of a lozeugt:- shaped piece of cop|M;r, C. From ita 
exposing so luuch suiface, tho cop])ur becorues hot and 
cold with the greut«st promptitude, and from its ^ood 
conducting power it may be made vciy thin without 
iujury t<J the current. Witli a pair of liare throe fourths 
of au inch thick, and a circular cop* 
per plate, as at D, Fig. 58, having botb 
surfaces blackened, I have reiH-ated '^t^i .IVtAl'SB 
the greater part of those experiments 
which M. Mciloni made with bis mul- 
tiplier. A platinum wire, as at E, Fig. 59, may somedmes 
be verj' advantageously used. 

4. The currents circulating in a «teel 
magnet ai*e to all apjiearancv perpetual, 
I thought for some time it miglic be 
possiI>ie to pi'ocui'tt similar jwrjuftual 
currents by compound thermo - electric anaiigenients. 
Irft (/, ff,c be wires of three different metals soldered to- 
gether so as to form a triangle. Kow if these metals 
were selected, so that a and l> could form a more jxiwer- 
ful thermo-electric pair than a and c, or l> and c. it might 
be expected that at all icmperatuns an incessimt cuiTent 
would run round the system. Such, however, will not 
be found to be the case. In effect, any one of these three 
serves simply as a connecting soldei* to the other two, 
and hence no current is excited; for the endn that have 
the third metal betwc*.!! them, although that nutnl inters 
veues, are under exactly the same condition as the other 
ends which are iu contact. 
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MEMOIR XXV. 



ON MIOROSOOPIC PIIOTOGRAPny. 



CoxTiXTS; — Afftkwl rf mak'tRff mieroaeopte pkotoyrapht by eondetutd 
BtttitiffkL — Speeimtna of tke art. 

When giving cont-ses nf It'ctiires on Physiolog-y in 
the University of New York, I found it very desiral>1e 
to have plmtographic representations of various micix)- 
scopic objects. There are many such objects, costing 
much time und trouble ia their preparation, which it is 
very difficult, if not impossible, to preserve, A photo- 
graph is their best substitute. 

I used as the sensitive surface daguerreotype plates, 
for this was previous to the invention of the collodion 
process. The dns^uein-otype plate is, however, much less 
sensitive than the collodion film. My first attempts 
were to copy the olijecta by lamplight, but this was 
found to be not suffi<nently intenwe. Even af^er very 
long exposures with low powers the impresaions ol>- 
tained are unsatisfactory. 

On employing a beam of sunlight impressions could 
be quickly obtained, and by concentrating the bciun 
with a condensing lens the object could be suflBciently 
ilhuuinated to suit any magnifying power, A fino mi- 
croscope was used to give the image. 

Two difficulties were, however, to be piT>vided for: 
1st. If the condensing lens be large, the heat at its focal 
point may be so high as to Injure or even destroy the 
object. 2d. It is not easy to find the chemicnl focus, for 
it does not coincide with the visual one. 
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Bat tbese difficulties may be completely overcome by 
causing the illuminating beam to pass through a solu- 
tion of sulphate of copper and ammonia. This transmits 
all the radiations that afffct a jihcitograpliin surface, but 
absorbs all others. With the al>»orWd rays the heat 80 
nearly disappears that the most delicate preparation may 
be left at tlie focal fioint fur any length of time without 
nsk. 

The solution of sulphate of copper and ammonia also 
enables us to ascertain the fi>cal point with precision. 
On receiving the image on the ground glass of a camera^ 
it i^ of course, of a blue color, aud when brought to a 
sharp focus its photograph will be eijnally sharp. 

The best ivsults are obtained when the blue image 
of the sun, fonned by the condenser, coincides with the 
objects 

In Fig. 60, a aia& heliostat mirror reflecting the sun's 
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rays horizontally; c a iiondensiiig h'lis three inches in 
aperture; there are adapted to it different diaphragms, 
i, to regulate the quantity of light used, since it is not 
well to have too bright an image on the j>hot(jgraj>hic 
plate; (/ is a glass cell, formed by cutting a ciivulur hole 
throe inche-S in diameter in a glass plate a quarter of an 
inch thick ; on ejicli face of this plate a flat piece of glass 
is laid, thus forming a receptacle in which the sulphate 
of copper and arninonin solution may be |)laced. It 
holds the liquid without risk of leakage; is the objecU 
stage of the microseope,/; y, the camera with its gix>uud 
glass or sensitive plate. 



MICllOSCOI'IC f UOTOGHAPHY. 



[MbUuxb XXV. 



manner I made many microscopic daguerreo- 

fc me of thera, such as were neyded, were subse- 

cut in wood to serve as illustrations for my 

J on " Human Physiology." Fi-om that work 1 

the apecimens on tlie opposite page. 

s^n the collodion process was invented, I zuade 

of these photographs in that way. Some of my 

tiginal daguei'reotypea were exhibited in the Cen- 

E.xpositiou at Philadelphia, as illustrations of the 

History of the art. Collodion photographs have, of 

the great advantage over daguerreotypes iu this, 

ly may be n]agnified by the lauteiu and used for 

Qstration before a large class. 
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MEMOIR XXVI. 

ON CAPILLARY ATTRACrJON AHD HJTEBSTITIAL MOTIONS. 

THE CAUSE or THE FLOW OP SAP IN PLAXT3 AND 

TIIE CIRCiaATlON OF TJIE BLOOD IN AXIMAL8. 



ICxf nicicd nitd eoiidenved from varioua Memmra u followa : On CapUlnrr Altnc 
tiuii. Pruikltti liiNiiiiiM Joumal, lMiiUi]i<l|>hi», Sr[ii«nib«r, IH:)4. <.>ii the TitUl 
Mntiono of MoTnbIc KIpccrir Comliicmr*, Kranklin Inslilule Jotirnnl, JnjianrT, 
188C. Kx]i«rim«tiC9i on Kniiaimusi*, Fniiiklin Imiiiulc JouroMl. M»rr)i, IH-tit 
Oil KiiilcMino«i» ilirunKli Wulirr ami .muiii Bubble^ Fmiiklin IiMliluic Joomst, JuK. 
I8S6. Uti Intersiiriiil Muvnncnts, Amcriuui Joiinml of Medical Science;*, Muf, 
18^6. Un ihc I'lipfio*! Thoor;' of (.'npillnrj Aiinetioa, American JoumoJ of 
MimIIuU >«ieRcM, Febinary, 1888. On the gnat UickBDioal Furce Gciicivled l>» 
tli« Cvndensiiii; Action of l^asAes, American Joumal of Hotiical Science*. .Mm*. 
16di>. On ihfl I'liviicfll Theory of Kiiduimwis Ainoricnii JutimiJ or M<^inl 
Sciriica, Aiigiui, 1^3^. Aimljrii vf Hviin Cviii>, Sillimunk Aiueticaii >ft>unuil, 
Vul. XXIX., It^G. Ou ilie Cin-ulaiiunorilio Bliiod.Sillitnan't Americiin Journal, 
Second Sei'les. Vol IL, 1816. Oi) iho Coti*iiiiition ofilw Atmospbere, Loodoa 
nixl 1-^inburgli riiiloKopliical Mngniiiio, Ouiuber, I<m8. On Capilleiy AUnctlMi, 
Lotidon Biid hJlinbiii);)] l'liilu»i>iiliiritl MaftKiiiiu, Mmrlt, IMS. Oti the CJn;Dl»< 
liuii of ilis Itluoil, I»nduti Bitd Kdmburh'li l*hiluiio|ihicHl Biliif^jcine, Mnroh, \6itt. 
A TrenlUe on llifi ¥o\'cva tliHl Pitiddce the Urgsiiioilion of PUntw, Now Yorfc, 
18*4. A Trcalisc on llumH.ii I'tijuiology, New Voik, IS.jC, 

NttTB. — These Memoin arc rallectit-«]y «> volnminonit ihol I miild tint iKiblUli ih^ 
ill tliis voliiina in full. I ninde ilie fulluwing atiriilgment of ihem, which wm 
f*riiii«i in lliirpor's Magnzine, Janoary, \ti~H. 

CoRTKNTs: — fntenltliai mofioni of sotida. — Mtititmi t^tiulal in eoint. 

Movemtnt of iigaidn tn erfeitex.^' Capitiarff atlractiun, — Conditunu 
for u coHtiuuoat Jfow. — CapiUary atlra^tion an eleririeal phmottmon. 
— ifotiotu oftiguid amdvirtort. — Dulnxhet'a erpcrtmenl o/ tnduntnugit. 
— Pasaagt cf gats thmnr/k li<jiiid». — S-iap babftttt. — Pattoffe a^injtt 
heavy prtamre, — Dintributian of tap >n plants. — Cireulatioti in ptanU 
dv4 to tHfilight producinrj gum. — Circalalion (/ blood in animntt rr- 
ptaintd. — The tyMltmic, the pulmosary, and /A* portal circutation. 

It is necessary for the life of every organized )>ein'' 
that a liquid should circulate through all its paits. In 



plants that liq^iiid is called tlie sap; jn aiiliuals, the 
bluod. 

WlieiL tlie distance tbrougli which such a liquid has 
to pass is siimll, there stems tu be little diffieulty iti as- 
aiguiog tlie CAUse of its tuoveineut; but how shall we 
explain the rise of the sap in the great sequoia-tiyes of 
Califoriiifl, some of which attain a height of more than 
four hundred and thirty feet? To foi-ce a eolumn of 
water to such an elevation would require a pressure of 
more than two hundred pounds on the square inch. Yet 
we cannot doubt that the power which overcomes these 
enormous reHistances is the same as that engaged in the 
most insignificant transudations. 

Even in the case of solid mineral substances the parti- 
cles are not at rest. Boyle, in his tract on '*Tiie Lan- 
guid Motions of Bodies," has wjllectetl several inteivsting 
instances. 

lie says: " But what is more extraoi-dinary, a gentle- 
man of my actpiuintance had a turquois stone wherein 
were several H])ot» of diOVrent coloi-s, which seemed to 
him for many mouths to move slowly fi-om one part of 
the stone to the other. And having the ring wherein it 
was set pnt into my custody, I diTW pictures of the 
spots at different times; and by comparing several of the 
draughts together, it evidently appeared that they shifted 
their places, as if the matter whereof they consisied made 
its way through the substance of the stone. And as far 
as we observtMl, the motion of these sjmts wjis exet*eding- 
ly slow and irregular. An e.xi>erienced jeweller, likewise, 
assured me that in a few tui-quois stones he had ob* 
served two different blues in different parts of the same 
stone, and that one of these coloi-s would, by slow and 
inqjereeptibte degrees, invade and at length overspread 
that part of the stone which the other before possessed. 
And the same gentleman who lent me the spotted tur- 
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qnoia also showed me an agate haft of a liDife, wlierein 
was ft certain clouJ which an ingenious person had for 
some years ubHerveil to change its place in the stotie." 

Some jeare iii^n, having ocmsion to make an niialysis 
of certain Roman silver coins which had been long bar- 
icil in the earth, I found that much of the alloying cop- 
per had made its way to the snrface, cfmstitutiiiff the 
green patina of antiquarians, and that the silver hail l>e- 
come comparatively pure. An intci'stitial movement in 
these denarii must therefore have taken place — a move- 
ment BO slow that it had required many centuries to 
yield the observeil restilt. 

If one end of a porons substance, such as a sponge, be 
dipped into water, the liquid very soon percolates in all 
directions through the mass, whitrh becomes charged with 
as much as it can hold. If a piece of glass having: a 
crack in it be put into water so that the end of the 
crack is immersed, tlie ]i<|!iiil instantly runs spontaneous 
ly to the other end. And iffmm the crack other sniallpr 
ones branch forth, along these also the water rapidly 
Jinds its way. 

These eflVcts have long 1>een studied by using slender 
glass tubes, which operate in the same manner as cnicks, 
Imt pennit the phenomena to be observed in a more con- 
venient and exact manner. 

Water will pass through a crevice the "width of which 
is less than one halt' of the millionth of an inch. The 

pmof of thi« is readily 
obtained expenmentally. 
If we take a convex lens, 
a a (Fig. r>7). of long fo. 
cu9,and place it upon a glass plane, h A, there will >je seen 
at the jioint of apparent contact, c, on looking down, a 
black sjKJt surrounded by a series of variously colored 
concentric circles, the appearance being well known 
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among optical writL-re untlei* tlie name of Newton'a col- 
ored rings. At the point c the lens and the pl»ny are, 
BA N'ewtuu liaa shown, u distance apart of about one half 
of the millionth of nn inch ; and from this centre, pro- 
ceeding outwardly, the distance }>etween the ghisses of 
course lacreases. If anywhere at the outer pnition a 
drop of water be inti-oduced, it extends itself instantly 
across nil the colored rings, reaching even across the cen- 
tral black Hpot, 

If a tube of such diameter that it could lift water ten 
inches bo broken off so as to b*^ only six inches long, we 
might intpiire whetlier tlie water woidd ovei*flow from 
itH top or simply remain suiij>ended there. 

Mathematical considerations, as well as direct expeii 
ments, prove that in such a case there would be no over- 
flow. A capillary tul>e under these cii-cumstances lifts 
the water, but <Uics not pitiduce a continuous current. 

But if a removal of the liquid at the top of the tube 
take place in any manner, as by evaporation or by being 
diHSolved in another liquid, a coutiauous cnrr-eut is pro- 
duced. 

As illustrating the pi-oduction of such a continuous 
flow we may cite the case of a spirit-lamp, the wick of 
which may be regardeil as a fagot of capillary tubes. Be- 
tween the 6bres of the wick there are interspaces that 
answer as tubes. If the cover of the lamp be taken off, 
all the spirit will eventually pass up the wiek and escape 
from the reservoir by evaporation. Or, in an oil-lamp, 
the wiek of which becomes readily satnrate4l with the 
oil, but never exhibits an overflow, on the lamp being 
lighted, the oil is biirntHl off. a current is established, and 
after a time the reservoir in emptied. 



The phenomena of capillary tubes are connected with 
the adhesion of suifuce.'). Clairaut showed that if the 
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mutniil nttroctioa of a solid and liquid ariinuiit to less 
than lialf the cohesion of the latter, the liquid will be 
depressed in a capillary tube made of tbe solid ; if it be 
etjual to haU* the liipiid will stand level in the tube ; if 
it exceed half, the liquid will risa 

I published a paper in tht^ Journal of the Franklin 
Institute of Philadelphia for September, isa4, its object 
being to show that the adhesion of surfaces, whether 
solid or liquid, to each other, and the nse or depression 
of liquids iu capillary tubes, are strictly electrical phe- 
nomena. 

When a glass plate is laid on the surface of quieJcsil- 
ver, a considerable force is required to separate them. 
On the separation being made, if the substances be ex- 
amined by the electroscope, the glass will be found to be 
electrified positively, the.niercnry uegatively. Their at 
traction or ndhe»iun is, therefoi-e, a necessary electrical 
result. So intense is this electrical development tliat if 
during the act of separation the mercury be iu couneo 
tiua with a gold-leaf electroscope, the 
gold, leaves are commonly toru asun* 
der. In Fig. 68, a a la a glass dish 
containing mercury, c the glass plate, 
d the gold-leaf electroscope. 
In like manner, if some melted sulphur be poured into 
a conical glass and permitted to solidify, on making the 
separation the interior of the glass and the solid sulphur 
cone will be found to be in opposite electrical states. 
And the same occm-s when surfaces of various kinds are 
parted fi-om each other. There ought, therefore, 
to be adhesion. In Fig. )5U, a a is the conical 
glass, b the solidified sulphur, with handle for 
I its removal attached. 
'"•** But if a glass plate be laid on a surface of 
water, there is no apparent development of electricity on 
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sepnrAting them. And the reason is obvious, for the 
glftS3 has bi'ougbt away with it a layer of water, and 
there has been uo true separation of the solid from the 
li({uid, but only of water from water. The foren of ad- 
hesion of the glass to the water has exceeded the cohe- 
sion of the water for itself. 

If a plate of polished zinc be laid on mercury, there 
will, again, Iw no electrical development apparent on 
separating them. For, owing to the conductibility of 
the zinc, there is nothing to prevent the opposite elec- 
tncities from uniting, and all electiicol manifestations 
must cease. 

Whatever can disturb the electrical relations of a 
solid and a liquid will disturb their capillarity. On 
wetting the intei-ior of a glass tube, so as to fonn a tem- 
porary tube of water, and placing some mereury in it, 
the mercury will be depressed below the hydrostatic 
level. But on connecting the mereury with the negative 
pole of a voltaic battery, and the water with the posi- 
tive, the mercury at once rises, their mutual attraction 
being increaseib 

I derived these conclusions from the fullowiug experi- 
ments: 

1. In a watch glass (Fig. 70) place a quantity of pure 
mercury, a h, ami ujxm it a drop of water, t*. Bring the 
water in contact with the positive 
plalinum electi-ode of a voltaic bat- 
tery, and touch the mei-cury with 
the negative. The moment the con- 
tact is made the drop of water 
loses its spherical form and spreads out into a thin cir- 
cular disk, wetting the surface of the mercury. The di- 
ameter of the disk seems to Ik- greater in pi-oportion as 
the battery is more powerful. 

Under ordinary circumstances water does not wet 
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quicksilver A drop of water remains on the surface of 
quicksilver in the same manner that a drop of oil re- 
mains on water. As soon, however, as their electro- 
chemical relations are disturbed bj the aid of a voltaic 
batter)-, the phenomenon of wetting at once occurs. 

2. Take a tube. Fig. 71, in the form of an inverted 
siphon, one branch of which, a, \s al>out half an inch 
wide, and the other, A, not more than 
the tenth of an inch. Fdl the si[>hon to 
a given height, <z &, with mercury; the 
metal, of course, does not rise in the nar- 
row branch, i, to its hydrostatic level, 
for mercnrj* is depressed in a capillary 
tutie, inasmuch aa it cannot wet glase^ 
Introduce a small column of water, A c. 
The mercnry may now be regarded as being in contact 
with a tube of water, because that liquid wets the sides 
of the glass intervening between it and the mercury. 

Pass a slender platinum wire, j", down the tulie, bo a^ 
to touch the water; let it be in comnmnic.ition with the 
positive electrode of the voltaic battery; with the ne^ 
tive electrode, y, touch the mercnry in the witJe branch 
of the siphon, «, and in nn instant the met;xl will rise in 
the narrow tul>e, and f;Ul again to its former poMition as 
soon as the current is stopped. 

If into a watch-glass fifty or sixty grains of mercurv 
be poured, and over that as much water actdulateil -with 
sulphuric acid as is sufficient to c«tver the surface of the 
mercuiv, on the meiicur}" being placed in contact Tvith 
the negative pole of a battery, and the water with the 
P*)sitive, currents are pmdtiwd both in the watpr and 
the mercury, as was first obsened by Erniau and Ser 
I'ulas. 

If the wires be on opposite sides of the merciiry, w 
shown in Fig. 72, the metal instantaneously elongates, as 
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indicated by the dotteil line, aud curt%uts alao are seeu 
playing in the water. If the neg- 
ative wire be introduced into the • 
centre of the metallic globule, and 
tlie positive be brouglit on one 
side, as in Fig. 73, the mercury will bulge out elliptically 

at botli sides, nearest and farthest 
— — ^ from the positive pole. If, now, 
the negative wire be cautiously 
'^'^ raised fi-om its position, so as to 

be just out of contact with the suiface of the metal, the 
inet-cnry is immediately convulsed, its whole surface be- 
ing covered with cJix'ular waves. On lowering the neg- 
ative wii% to its former position and advancing the {>08i- 
tive, the moment it oomes to the edge of the mercurial 
ellipsoid intense convulsions are produced, which increase 
until contact of the meixury and wire takes place. 

At the same time that these movements ai-e going on 
in the mercury, the surface ttf the water is plougheil by 
gentle currents, exactly resembling those that might be 
pro*lueed by dii-eeting a stream of air 
from a blow -pipe blantitigly across tlie 
suiface (Fig. 74). 

The fi>llowing expeiiment illustrates 

the nature of these effects: 

A platinum needle, a c, Fig. 75, is suspeude<! by a 

thread of un^pun silk from a stand, &d, 

in a cup 611e<1 with acidulated water as 

high as t/ d. The needle hangs boii- 

zontally, its ends being about one fouith 

of an inch distant from the ]>1atinum 

pnlnr wires, yj, h, of a buttery. Now the 

wire p being positive and n negative, 

the extremity a of the susjwiided nee- 

nr.7x die would be negative and c positive 
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by iuduction. The conjoined effect of the forces tlius 
brought to bear on the needle causes it to move on its 
centre, nnd take up a position of rest between the polar 
wires. To this, if it were turned aside, it would return 
after a few slow oscillations. 

From this it appeai-s that though the polar wires are 
plunged into a conducting medium and the current is 
passing, they still act as centres of attraction. 

When a globule of niei-cury under the surface of some 
water is brought in presence of a point of attraction, p, 
situated at a short distance from its suiface, two tides 
will be formed on the globule; one, a. 
Fig. 76, directly in front of the point 
of attraction, the other, i, 180" from it 
In the quadrantal regions, c, d, there 
will be an ebb. If the point p be 
moved round the globule, both tides will follow it, keep- 
ing the same relative position that they had at first. 
These motions inntate on a small scale the effect winch 
takes place by the action of the sun and moon in pro- 
ducing the tides of the ocean, and the exjilanutioD is 
the same as in the case of those tides. 

If a spiing-tide were fonned on a sphencal ocean, and 
the !5un and moon then aniiihiUte<1, the elevation niuist 
sink, pressing the under waters aside, an<l causing them 
to rise wheits they wei-e depressed. But the motion 
would not cease when the level was reache<l, for the wn- 
ter would arrive at that jMisition with nn nccelerati'd ve- 
locity. It would, therefore, pass that position and form 
a high watfr where it had Ufen low, and low water 
where it had been high. And this would be rej)eated 
again ami again. 

Now this theoretical case may be imitated with the 
globule of mercury, for on approaching the positive wire 
to it, a position will be reached at which contact will 
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take pla*w between the j)mtiibei*ant tiJe on the mercury 
aikI the win'-. At that luorueut the cauae of attraction 
19 anuihilateii, the whole current of electricity now pass- 
ing along perfect coniluctoi-s, and fulfilling the supposed 
ease of an annihilation of the sun ant^l moon at the time 
of high tide. And the same renRoning that held in one 
case applies etpinlly In the other — the mercurial iidefalla 
with an accelerated motion, and the line which before 
was the trauaveiise axis of the ellipse becomes tlie conju- 
gate, tides being pi-oduced at nght angles to the former 
ones. But here the strict companion ends, for as the 
mercury ebbs from its protuberant position the metallic 
connection bi*eaks, and the Avire is again put in action as 
a point of attraction. The motion of the ebbing tide is 
checked ; it flows once more. Once more the metallic 
contact is complete ; and when the tide falls. It is only to 
flow again as long as the battery current passes. Tidee 
take place at nght angles to each other, in a series too 
rapid to be counted, and the whole surface of the mer- 
cuiy is worked into those various and beautiful undula* 
tiotis which have been before refened to. 

With respect to the currents that are observed, as if a 
gentle wind were playing over the surface, the e.\plana. 
tion is obvious. We have seen that when a voltaic cur- 
rent is passed through mercury ami water, the pressure 
on the surface of contact is changed. Newton has shown 
("Principia," Vol. 11.. Bk. ii., Pr. 41) that if the particles 
of II fluid do not lie in a right line, a pressure propoirated 
through that fluid will not be in a rectilinear dii'ection, 
but the particles that are obliquely 
posited have a tendency to be uii^ed 
out of their ]msition. So the particles 
fl»a. Fig. 77, pressing on the partielos 
d,f/, which stand obliquely to them by '*«•"'• 

reason of the shape of the mass of mercur)', M, have a 
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teadeiicy to be urged from tlieii* pliices towards e and c 
respectively, and tha niotiua tbus produced iu a fluid 
diverges fmiu a leetiliiiear pi-ogrusa into the uutuoved 
spaces; and such a preasui'e tiikirig place iu a liquid free 
to move contimirtlly rutiniia tlie niovini^ particles to 
their position, after making tbem describe an elliptical 
orbit. 



Such is the nature of the evidence that may be brought 
forwai-d in proof of iLb hypothesis that the adhesion of 
suHuees and ciii)illary attraction are electrical result-)^ 
We may uovp pass to an exj>oaition and explanation uf 
the more iiitei-etsting instances of motion in the casea of 
liquids and gases. If, in the la])8e of centuries, metallic 
copper can part itself fix>m silver with which it has been 
allnyed, coming forth from the interiiir of a coin to form 
tt new compound on the surface, such luovements;, it 
Diight be expecteil, would more readily occur in liquids, 
of whicli the cohesion is but small, and iu gases, iu which 
cohesion perhaps does not exist at alL 

Aud, firet, as respects liquids: 

The phenomena of endosmosis, first brought to general 
notice in the case of liipiid substances by M. X>utrochet, 
may be explained as follows: If some alcohol be place*! 
iu a bladder, the neck of which is tightly tied, and the 
bladder be sunk into a vessel of water, pei-colntion en- 
sues, so that the bladder is distended to its ntniost 
capacity, am! may even burst. Or if, instead of tyin" 
the niioiith of the bladder, a glass tube, ojien at Ix>tfa 
ends and a foot or two long, be fastened into it without 
leakage, as the water introduces itself through the ixires 
of the bladder to mingle with the alcohol the liquid rises 
in the glass tube, and, when it has reached the top of it, 
oveiHows. To express tliis inwanl pa-ssage of the water 
the term endosmosis was iuti'oduced ; aud since n llttlu of 
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the alcohol simultaneously passes outwarJ to luix with 
the water, it ib said to exhibit exosmosis. 

In Fig. 78 is ropitf^ented the* endosmonieter of Dntn>> 
chet. It consists ut* a small blad- 
der, a^ tightly tied to a tube, rf, 
open at both ends, and bent as 
seen in the figure at *•; the blad- 
der U'ing conii>lctely filled with 
alcohol, and the tube to some 
ftUch jH'int as </, tlie armngenitriit 
is placed in a vessel of water, ct^; 
altnost iniMiediately the levt^l of 
the liquid will be seen to be ris- 
ing, the bend of the tube is 
reiiched. aud one drop after an- t-.^.-.r. 

other fulls from the open end into the receiver, A And 
this continues until the litjuids inside and outside of the 
bladder am uulfonnly conuuingUil. 

In these results there is nothinir more than should 
take place on the onlinary principles of ca|>illarv action. 
The pores of a bimlder are only short capillary tubes, 
into which water readily finds its way, because it can 
ivet the substance surrounding tbe pores. If the blad- 
der be distended with air and sunk under water, al- 
though the water will fill the pores, it Mill not exude 
from them an<l acxinniulate in the intcnur of the blad- 
der; for, as we have set^n, a eajnllarv tulje cannot e~<ttab- 
lish a continued current or flow. lint the case becomes 
totally difiei'ent when the bladder is filled with alcohol; 
for then as fast as the water pivsents Itself on the inner 
en<! of each pore it is dissolvwl away by the alcohol, and 
ihv: neiVAsary ctmdition for a continuous flow is coniplieil 
with. Meantime through the pore itself a little alcohol 
passes in the opjiositc way by infiltrating through the 
incoming water, provided that the current be not too 

Z 
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stTODg, and 80 the endosDiosis of thfi water and exosmo- 
fiis of tLe alcohol take place; the funviit of the fbniier 
greatly preponderates over that of the latter, and an ac- 
cumiilatioii of liijuid in the interior ot* the bln^Mor eusue& 

That in all this there is notliing s^iecially depcDdeut 
on the organic texture employed ia obvious from the fact 
that the same results aiise when any inorganic jxtroiis 
hody is iisiul, Vessels of nnglazed eartl)en\vart?, pierces 
of baked slate or stucco, answer the purpose very well, 
as will also a glass vessel with a minute fissure or ci'ack 
in it 

An incorrect i-epresentation of the conditions under 
which endosmosis takes place is often made. It is said 
to depend on the relative specific gravities of tlie liijuid, 
and that the lighter liquid always moves towards the 
denser ini)^ abundantly than the denser towards the 
lighter. But water endosniospg e(|ually well to nlcohol, 
which is ligiiter than it, and to gumwat«r or salt-water, 
which are heavier. 

The force with which a liipiid will thus pass through 
a pore to mingle with auothei' liquid beyond is, as we 
shall presently see, very great. 

It has sometimes been affirmed that living organic 
textures possess a so-called selecting power, pennitting 
8onie substances to pass through thera and refusing a 
passage to others. Hut this so-called selecting pi>wer is 
purely physical, as are the separations nntl apparent de^ 
Compositions to winch it gives lise. 

If we take a glass tube, a a, Kig. 79, over tlie lower 
end of which a piece of pei-itoneuni or other <le]icate 
membrane, h h, is lightly tied, and half fill it with litmus- 
water, and then place it in a glass of alcohol, c e, tlie lev- 
els of the liquids inside and outside being adjusteil ac- 
cording to their speci6c gravities, so that there may be 
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rdi-ostatic presstiT 
the other thi*ough the pores of the periti^ 
neiini, as soon &» the arriingcmeiit is coin- 
plctt'(I, if the observer be «» jilnced as to 
vWw it by transmitted light, he will see 
the water descending through the poi-ca of 
the peritoneum in Htriie and streams in a 
^XTfectly colorless state. The membrane 
has, theiffore, aVjsoi-bed and transmitted 
the water, but has refused to the coloring 
matter a passage. Such illustrations may, 
therefore, satisfy iis that the selecting pow- 
er of organic textTires, like that of inorganic 
ones, is dependent on simple physical cir- 
cumstances, and fiir these reas«>n8 we may 
exclude from the mechanism of animal al>- 
sorption the influence of any vital or other mysterions 
principles, and adopt the opinion of AbU* Hany, that 
" those spet'ions causefl and imaginary jKJwera to which 
in the Midille Aires all natural phenomena, even those of 
an astronomical kind, were referred, but which, through 
the genius of Newton an<! I-aplaee, have been banishetl 
from the ceh'stial spaces, have taken their last refuge in 
the i-eeesscs of organic beings, and frum these retreats 
Kciunce is preparing to e.\[tel them." 



n(.n. 



We may next turn to an examination of analogtms ph«- 
notuena in the case of gases. I found that on blowing a 
little bubble of melted shellac on the end of a glass tube, 
and putting some reddened litmus-water in its interior, 
aramoniacai gas, to which it was exposed, could almost 
instantly penneate the thin textnre or barrier, and, gain- 
ing access to the inside of the bubble, turn the litmus 
blue. 

When the pores of such Vmrriers are of sensible size. 
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it is plniii tbat the passing materlnl is iofiucuceit }?y tb« 
substance of which the pore consists ouly on those jior- 
tiou8 that come in contact therewith. Thraugh the cen- 
tral poi'ts of the pore the niattrial will pass by mere 
Iwikf^f. If, tlien, wo Jesiro to dftfrniine the physical 
eoutlitions under which these movciuents take place, we 
iuut4t make use of barriers the pores of which are not of 
sensible size. 

I therefore closed the top of a glass tube, A, Fig. 80, 
otherwise open at both ends, with a disk of ' 
jiaper jilaced st such a distance down the tube 
as to permit a stratum of water, rt a, oue eJgbtU_ 
of au inch thick, to be laid upon iL Conveyin( 
the tube to the pneumatic trough, I filled it in 
succession with various gases, and watched thvW 
passage through the water roof, for so it might 
be called, into the air. In such an ex]>enment 
a column of hydrogt>u gas half an inch iu ieiigtii 
had escaped in twt^iity-four houi-a. 

But ex])yrimeiits of this kind may be much shorteueil 
by using \'ery thin films instead of a thick stratum. A 
glass bell-jar, a a, Fig. 81, was filled with 
hydrogen gas, and by the side of it was 
placed a sniuU bottle containing atmos- 
pheric air. A fingnr dipped in soap 
water was passed over the mouth of tlie 
bottle, so as to close it with a thin film, 
and the glass bell-jar of hydrogen was 
then placed over it, as at L In the course of two min- 
utes the film, which was at fii*st horizontal, had become 
convex, and eventually swelled into a large sphcrieni 
bubble, c. In sixteen minutes it had become so thiu 
that it was of a dark metallic luHtre. 

But the action is nmcli more speedy if, instead of th< 
liorizontal films, soap-bubbles are used. Such films wa 
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at first too thick, they exi>o8e too small a Burface to the 
atmosphere to which they are subjected, and it is not 
until the c\f>si> of the expenineiit that the action t)ecome8 
ra]ii(i. But a bulilitu at once exposes a lai-gc surface, 
and by using proper ]ii'ecautions there is no difficulty in 
preserving it for an hour, or even much longer. 

The (pilckiuws of these motions is very well illustrnted 
by the following experiment. If 
a gla^ Hask, a a, 1k' rinsed mit 
with Hinmonia, and then by means 
of a bent glass tube, i h, narrowed 
at its pmjectiug extremity, a soajv 
liubble, (?, be blown therein, the air 
from the bubble being immediate- 
ly drawn into the mouth without 
a moment's delay, the strong taste 
of the ammonia will be peiveived. 
Or if a nxl dipped in hydrorhlonc 
acid be presented to the jirojerting end of the glass tube, 
as the bubble slowly collapsing presses out its contents, 
copious white fumes arise. Cai'e must be taken that no 
dro]> of water obstructs the «^e«a of the gas from the 
bubble, and that tlie cork fits the flask with a slight 
leakage. This, theivfoiv, shows that va- 
pors will pass through barriers having no 
proper pore$, the transit taking place in- 
stnntnneouHly. 

I constructetl an apparatus (Fig. 83) for 
exposing gases to e^ch other vnth the in- 
tervention of a eoap- bubble, and subse- 
quently measuring and analyzing them, 
a <z is a tin saucer about thrtM* inches in 
diametiT anil half an inch deep; into it 
wat«r can be fioui'ed ; it also serves as A 
platfoim to support « small bell-glass, A. 
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Tliiougli its centre at c pAssea a glass tube,/^ one eighth 
of an inch in tliametcr, thu npper extremity of wliicfi is 
cenieutetl into a hole of the same sho in a roiuui, thin 
piece of c<}j)per, (/, about half an inch in diameter; the 
other end of the pipe opens into aiiutber small bell-gla-u, 
Jl;,throngh h purforatioii iu it>§ tuj>, the uoinniunicjitiou be- 
inj* capable of being cut off by means of a stop-cock, i/. 
The apparatus is used as follows: The upper bell, being 
taken off tlie platforui, is 611ed with any gas to be tried 
— oxygen, for instance — and is place<l aside on the shelf 
of a pni'umatic tmiigh. The lower bell-ghuss is then filled 
with water by depressin!^ it in the trough ; and tbo stop- 
cock being closed, five hundred measures of hydrogen, for 
instiinee, are thrown into it. Al^r seeing thai the oop> 
per plate d is free fix»m moisture, u droj» of water ren- 
dered viscid l>y s<iap is placed upon it, exactly whei*e the 
orifice of the tube/ opens. The upper glass containing 
the oxygen is now placed upon the tin saucer plntform 
as in the figure. The lower glass is next depressed in 
the pneumatic trough, and as soon as the cock Is ojK'ued 
a bubble of hydrogen containing five hundred mea-sures 
expands, the sparti oxyg«u escaping from the edge of the 
up]H-r glass thr()ug]i the water in tlie tin saucer. The 
cock is next closed, and the apparatus placed on the 
trough shelf as long as the operator desii-ea the experi- 
ment to eoutiaue. Kee])i]ig that position, when the cook 
is ouee more opened the gas passes into the lower bell 
until the bubble has entirely collapsetl, when the cock is 
agaiu closed, the contents of tiiu bubble being now ready 
for measurement and anal^-sis. As the gas was passing 
from the bubble into the lower bell, the water ruse from 
the tin saucer itito the upper bell, eoufiinug the gas that 
vas outside of the bubble. This, by the common mode 
of manipulation, is to be transferred from the tin plut- 
-foriu to the shelf of the trough for inspection. 
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By this apparatus it was foiiu»l that one thousantl 
ineaKures uf atiuospherie uir exi>o»e(] to ntiuuHphtiiic lur 
utidenvtint iiu chiiiige t;ilher in volume or coiutwsitiou. 
The exposui'e in some cages lasted an hour. 

Ono thousand niuasui-ea of liydrngen, in tlie bubble, 
were ex|>os«d tu utiuospUeno nil* iu the b«]I. Id Ave 
minutes there remained only four hundred and seventy- 
two. (It \\\]\ lie uiiderKtuiHl that the uunibers quot<*d 
iu this and otlier 6U<x'eeding exi>eriu)ents are for the pur- 
pose of illustrating the general principle. They cbangv 
with the i-elative proiHirtion of gases inside and outside 
of the bul>ble.) 

A ix'vei-se action ensues when nitrogen is stiWituted 
for hydrogen. The liubble swells instead of diminish- 
ing. Thus one hundreil mt^asures of nitrogen in half au 
hour l)ecaiue one hundred an<l seven and a half. 

Oxygen decreaites in bulk. Two l)undre<l and fifty 
measures in ten minutes became one hundred and fifty- 
thi-ee. This gas paasea more rapidly through the bub- 
ble than nitmgen. 

Carbonic acid passes through the bubble very rapidly. 
When five hundred measures wvw utu^d, the l>nbble cul- 
lapstitl almost as fast as it had exiwuded. Under a 
water roof half an inc>h thick and two inches in <liaDie- 
ter, live thousaml mcnsures escapeil into the air in forty* 
eight hours. In its plnce there were found two hundred 
measures of atmospheric air, which lind passed iu the op- 
posite direction through the water rrH>r. 

By this ap]>aratus it was proved that tln^se motions 
through soa}>bubbleJi continue until thL< gases on both 
aides of the bubble have the same ehcnilml composition. 

It has lung been known that li(piids and ga»os \t»&i 
through poi-ous stnictures though rc-istetl by connider- 
able force. Thus, if over the mouth of n cylindrical jar 
bj Fig. 84, ft thin sheet of India-rubber be tied, and the 
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Bjftr exposed to an atinospbere of 
^^^^^ carbonic - acitl gas, tliat gas will 
I^^^Si force its way through the rub>K-r 
^^^Bi nnd mingle witli the atmus|ibL>ric 
m^K \^ air in the jar, the loibber will be 
^^^ I pressed outward, as at A, «nd even- 
Wkl I tually limy be bui-st. I foniid 
K^*^w that carbonic acid would thus 
y, M^^^^^ force its way against a pivssure of 
ten pounds on the square inch. If 
the conditions be reversal, the jar being filled witb car- 
bonic acid and then exposed to the atiiiosplifir, the In- 
dia-rubber will be depressed as at rt, ami stretch so as 
almost to sink to the lM>ttom. Dr, Mitchell, of I'hilatlel* 
phia, has shown that this jK-rcolatioti will take place 
though resisted by many inches of niei-enry. 

The same holds good as i*espect8 liquids. Thus water 
will readily piis.s through animal membrane to luix \rith 
alcohol against a pivssure of fifteen jHiunds ou the ^iiare 
inch. 

In making exper-iments for determining the effect of 
such pressures it ts to be borne in mind thai tbtfro are 
c^-^rtain disturbing circumstances which may vitiate tbe 
i-esults. Among these is tliat general leakage wbicb 
happens through tbe open pores of all tissues, Tbus in 
the expenmeut first refeired to (Fig. 78) it might \>e 
sii|iposed that the force with which water passes through 
animal mundinine into fdcohol is not givater than one 
atuiosphei-e, whereas in truth it is much moi-e; but na 
soon as the pressure within the vessel had amounted to 
about one atmospheie, the alcohol escaped from the ves- 
sel by general leakage from tlie whole surface of the 
nienibraiie as raj)idly as the water entered. It is obvi- 
ous that in a pore of seuBiblu size those parts alone of a 
passing liquid in contact with its substance are subjected 
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to ita influence, and tbose situated in its central regions 
are ready to be influenced by any extianeouH pressure. 

In an experiment made on the passage of ammonia 
into atmospheric air through India-nibber, it iva-s fiiund 
that, thuugh the paoKage of the gas waa re8i9ttH:l by a 
pressure of seventy-fire inches of mercury, or upwanis of 
two atmoMi>heres and a lialf, it took place apjtarently na 
i^eadily as if no such n-si^tance had been opposed. The 
(jueBtioii at once arises, W'heuee is this powerful iinpul- 
«ve foi-ce derivetU Clearly not from the action of one 
gas on the other. To tlie ]>oi-ous tissue or barrier alone 
we must refer the seat of thin power. 

It is well known that porous solids of all kinds and 
fluids absorb gaseous matter very readily, in volumes 
vai'viiig acwording to circumMtniicea. Water, for exam- 
jilf. absorbs its own volume of carbonic acid, and four 
huntlreii and eighty times its volume of hydrochloric- 
aciil gaa. In the latter cane, therefore, an exti*eniely 
great condensation tflkcs place. So, too, a fragment of 
porous charcoal absorbs nearly t^?n times its volume of 
oxygen, and ninety times its volume of ammonia. These 
gases, thei-efore, exist in the absorbing substance in a 
state of very high compression. And the reasoning 
which hero applies, applies t\ho in the ease of two gases 
t^t'parateit by a tissue. If, fitr fxainple, we separate by a 
medium of this kind a certain volume of ammonia fiom 
a likB volume of nitrogen gas, though at the onti^et of 
the experiment both the gases might be existinir under 
the aame ]>iw(aure, this iipiality wonUl very rapidly be 
lost. Ammonia, being absorbe^l more rapidly than ni- 
trogen, would be presented to this latter gas not under 
an (Hjual pn'ssure, but in a state of grent (\mdensation. 
Under snob circumstances, the transit uf a gas is not 
analogous to the case in which it flows under common 
pressure into a vacuum, or into another gas; but the tia- 
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sue, continually acting as a perpetual uHKleiisiiig engiue, 
brings the twt* media in contact with each otlier under 
extremely diflerent conditions — the one in a coinpreased. 
state, but ready to exert the whole of its elastic force; 
the other in a statt; perha|hi little varying fruiu its nor- 
mal randition. 

Moist nierahranes and films of watei-, by reason of 
their aiSiiity fur gaiieuus itulisLuueeti anil thuir 
conse<iiient condensing action, become the origin 
of great mechanical power. I have seeu car- 
bonic acid pass into atmospheric air through 
Jndia-rubber against a pi>;ssnre of ten atmos- 
pheres, and suljdiurettcd hydi-ogen agniust a 
jiressure of twenty-five atmospheres. 

The apparatus with which these results were 
obtained may be thus described. A strong 
glass ttibe, a 6, Fig. 85, seven inches or inotv 
in length and half an inch in diameter, is b«r- 
metically closed at one end, through >vhich a 
pair of plstinnm wires, Z», <^, pass to the interior, 
jiarallel but not touching. The other euil, a o, 
has a lip or rim turned on it. Bittween the 
platinum wires a gauge tube, </, is dropjied. 
On the top of the gauge tube a small lest glass, /* is 
placed, to contain a reagent suited to the gas under trial, 
as lime-water for carbonic acid, acetate of lead for sul- 
l)huretted hydrogen, litmus water foi- sulphurous acid. 
Sometimes, instead of this test tube, a piece of paper 
soaked in the proper reagent was employed. The large 
tubo was then Hlleil with water to the height e tf, and 
over its liji a thin sheet of Iiulja-nibber was tightly tieii 
and over this again, to give strength, a very stout piece 
of silk. Everything being thus arranged, the projectinff 
wii-ea byCfWeve connected with a voltaic battei-y; decom- 
position of the water ensued, oxygen and hydrogen be- 



pig.t& 



Uuimtt XXVI.] CAPILLABV ATrKACriON, KK. 



368 



irig diseiigagei], tintl a ci>iiUeuseJ luixtuit; of atmospbeiic 
ail' aud those guseH aceuuiuluteil iu the Bpacu a a^e e, tlie 
gauge tube skuwiug thu nxtiuit to whicli the L'oudtfiitia- 
tiou had gone. Xou* if th*; little cup/ liad been filled 
•"previously with iinie-w-at«r, and tho whole arrangement 
introduced into a jar of carbonic-auid gas, the np|H*r part 
of the lime-water pi*eseiitly became milky, and after a 
time a copious precipitate of carbonate of lime Kubslded. 
This would readily take place wheu tlie gaiii^e was indi- 
cating a pivsiiui-e of ten atmosphei-ea. In like manner, 
wht^ri a [tiecu of paper covered with carlninate of lead 
had been iutitHluced. and a jrreHSure of twenty-four and 
a half atmospheres accumulateil, on introducing the in> 
strunient into a vessel of sulphuretted hydrogen the pa- 
per quickly became brown. So sulphuretted hydrogen 
can \ta»s through a shoot of India- rnldii'r, mid difTuM- 
into an attuospliere of oxygen, liydrogeri, aud atmos- 
phere air IwyonJ, tiiough it l>e i-esisted by a pressure 
ecpial to that of eight liundred feet of water. 

The method of condeniintion here employeil, because 
of its freeilom from mechanical omcussione, euablwl mu 
to continue these researches up to pressui*ea of fifty at* 
mospheit*^, witltout leakage, in c*jmparatively slender 
tubes, and even under these circumstances givteous diftu* 
siou seemed to take place without any restraint. 



In pAMing, it may be remarked that when water is 
enclosed hermetically in a ve»Lsul, and a vtdtaic current 
passed through it, deoominsition ensues, a portion of the 
gases making their appearance iu the giuteous fonn, fill- 
ing the small space occupied by the dec<Jin|H)sed water, 
and the remainder Iteiiig ub84>rbed by that liijuid a» faftt 
as it is given off. When the pressure is high, the di- 
mensions of the vessel become sensibly greater, and the 
little bubble of air accumulated exceeds in bulk the vol* 
nme of the decomposed water. 
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If, as it thiiH apiienrs, no pi'^fimire we can command be 
sufficient to restrain one gas from passing into another, 
we next inquire ■wliat obstacle the condensed gas pre- 
sents. There is aVmiidant evidence to show that this 
int^diutii heara the same relation to th« percolating gas 
that a vacuum wouW do, inasmuch a« the rate of dis- 
charge into it is the same as it i« into a vacuum. If the 
particles of different gases possess no repulsive tendency 
as re«|M'ct« each other, if the presence of one makes ijo 
diffeiifiice in, nor pi-oilucrs any retardation in, tlie par- 
ticles ()f the other, then it is immaterial how many of 
siicli |>article9 are condensed t<»getber in a given si>ace. 
The vacuum is not less a vacuum because it is eontaiiie<l 
under smaller dimensions, any more than a torricellian 
vacuum is less perfect when the mereuri,* is made to rise 
iieai'ly to tlie top of a barometer tube than it was when 
there was a vacant space several inches in length. This 
would therefore indicate that these diffusions will take 
place under all pressui-es, provided the gnseoue condition 
subsists; and this conclusion is abundantly borne out 
by the experiments herein detailed. 

The explanation we thus give of the action of con- 
densing barriers rests upon a fundamental pHnciplv of 
dynamics, tliat when the moving force and the matter 
to be moved vary in the same pi-oportion, the resulting 
velocity will always be the same. Thus, if a cjdinder 
filled with air .'md fitt<'d with a jiiston communicate with 
a vacuum thiuugh an aperture, it is imniateiial whether 
the air be allowed to flow into the void without any 
pressuiv, or whether it be urged by a direct action on 
the Jiiston— its velocity, as it goes into the void, will be 
the same in both cases; for if it be compressed, the ac- 
tion of the piston is to reduce the air to such a density 
that its elasticity is equal to the comiiressing force; and 
because the elasticity varies as the density, the density 
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of tbe air iiioreases witli tlie iiiijwlling fovoe. The mat- 
ter to be moved in incivjwed, therefore, in tbe same pro- 
portion as the pressure, and therefore the final velocity 
is the saiue^ and the same takes place iu tlie case of a 
tissue which is comjin?».siiig a gun. 

Such is the case while tin- gases are engagwl with 
each other in the tis-siie; but as soon as they pass from 
it, the condensed gas, lieitig no lunger under its compre*!' 
eion, exjmnds freely, ami, when measured, gives a result 
difleriiig fnmi that which it wuuld have been had not 
the tisHue conij>reft8ed it. 

Accordingly, when carbonic acid and air are ecparatod 
by a HCi^eeu of stucco, which absorbs yach in a ver} small 
extent, they dift'use, according to the law of the squam 
i*oot9 of their density, one volume of air ivjilacing 0.8091 
of carbonic acid, the volume ou that side uf the screen 
where the carbonic acid was increasing in (juantity. 
But if a thin sheet of ludia^rubl^cr 1»e u»ed as a screen, 
since it can condense one atmosphere of carbonic acid 
while it does not act u]x>n tlie air, though the same rate 
of exchange ensues, there is a diminution of ihc gaseous 
matter on the side containing the acid, and one volume 
of air replaces 1.018*2 of the acid. 



In every plant two prominent o|M-i*ations are carried 
forward: (1) the prtnluction of organic matter; (2) ita 
distribution through the various parta of the vegetablo 
sytitem. 

In 1H44 I published a work under the title of "A 
Treatise on the Fora» that Produce the Organization of 
Plants,'* It was a monograph chiefly devoted to the il- 
lustration or investigation of tliose operations, and com- 
bated the existence of the Vital Force of physiologists 
as a homogeneous and distinct |K)wer. 

The progress of science shows plainly that living 
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structui-es, far from being the prodiicts of one such bomo- 
geneoua power, are ratber thn re^uUnnts of the action 
of a multtiudc of timterial forces. (Jravity, cobesu>u, 
elasticity, tlie agenc^y of tlie iiniumderablcs, ami nil other 
powers which operate both oti ii)a.ss4>s and atoms, are 
called into action, and hence it is that the very evolution 
of a living form (k']>eiids on the condition that all these 
various agtnits con8j>ire. Organizeil beings and or^n- 
izctl bodies spring forth in thow positions only to which 
thti rays of the sun have access. They an*, therefore, 
limitci) to the atmosphere, the sen, and the snifuce of the 
earth. 

If we expose some spiing- water to the sunshine. 
though it may have been clear and transparent at fir«t, 
it presently begins to assume a greenish tint, and af^er a 
while flocks of green matter collect on the sides of the 
vessel in which it is contained. On the^e floekB, when- 
ever the sun is shining, bubbles of gas may be Been, 
which, if collected, prove to be a mixture of oxygen antl 
nitrogen, thvir proportion being variable. Meantime 
the green matter rapi<lly gmwsi, its new parts, as they 
are developed, being all day long covereil with air-bel]», 
which disappear as soon as the sun is set. If these ob- 
servations l>e made on a stream of water the current of 
which i-uns slowly, it will be found that the green mat- 
ter serves as food tor thousands of aquatic iniitects which 
make their habitations in it. These insects are indued 
with powei-s of rapid loc*imotiun, ami pns.sea.s a highly 
organized structure. In their turn they full a prey to 
the fishes which fivquent such streams. 

Thus by the influence of the sunlight organic matter 
is added to vegetable systems, the action being accom- 
panied by a variety of chemical decompositions and in- 
terstitial diffusions. Tlie substances arising are auch as 
are necessary for the uses of the plant; and in order to 




di-'triljute tht>iii, meclmiiiciil mntion }ia» to tnke place. 
Tliis, in thu more hii;hly ore:nnizt'cl pinntfs gfws uniler 
the <k'si(]jnation of the flow of the saj*. 

The flow of the sap in jtlantA ami the circtilntion of 
the 1>1oo<1 in niiiiimN itre pr-olmlily due to the Hame 
physical caus*. And bringing into view the experi* 
inentK nlivndy related ivspwtinij enpillary attraction, I 
cwDsidei-eilfin the wurk alwve ittVired to, the conditions 
necessarj' ftir producing a continual flow, such as evap* 
oration, ditTomj)ositioii, solution, developing the general 
law vf those ntuvenients, and illu»<tratinir the great force 
with whicli they are accomplished. I showe<i that these 
motions depend on this physical prineiple: "That if two 
liquids communicate with one another in a capillar)' 
tulie, or in a jwirons or- pari'iichynintous structure, and 
have for that tnlM- or structure tliiferent cbeniifjil affin- 
ities, movement will ensue; that liqtiid which has th« 
most energetic affinity will move with the greatest vcloo 
ity, and may even drive the other liquid t-ntindy iM'fore 
it ;" and that this ia due to common capillarj* attraction, 
which, in its turn, is due to electric excitement. 

Applying this principle to the case of planta, the 
liquitl uf which the ascending sap is coD8titute<l is de- 
rived from the g)*ound by the action of the 8pongi<des, 
and consists of water holding in solution the different 
saline bodies necessary to the plant, along with carbonic 
acid, etc. This pusses npwimls by the wimmIv fibre and 
ilncts of the alburnum, making its way to the leaf, on 
the upjwr surface of which, in a"nimon cases, a change in 
its chemical constitution occurs through the influence of 
the sunlight It obtains n quantity of carbcm. This 
elaborated sap, or latex, now returns to the l>ark. and 
ilescends through its cellular tissue and intercellular 
spaces, finding iti* way by the ixiute of the meilnllaiy 
rays to all parts of the plant. During its descent the 
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different vegetaV)lo principles necessary for the economy 
of the plant are removei.1 from it, and a certain quautity 
goe'^ du^v^ tu the ixinff, partly to aid in their growth, 
and partly to tliniw iivw tpiantities of nstremliiig sap 
into the tree. In this descent the elaborated sap moves 
thi'ough a syst<^m of vessels which anQstoiuose with ono 
another in the same nianiier as the capillary vessels of 
animals. 

There are, therefore, two points in tbia circulation 
which retpire attentive consideration — the fi|Hiiigi(dK 
and the leaf. The spongioles are nothing but the young 
succulent extremities of the root^ which have been ns 
cently formed from portions of the descendiu*^ sap, and 
that sap is itself a species of mucilaginous solution. Pre- 
cisely, thervfore, as water will pasts through the tissue of 
a blacKier the interior of which is filled with guni-wnter, 
80 will moisture fi*oni the ground flow through th« spon- 
giole. There is no difficulty in thus accounting for thu 
rise of the ascendiiii; sap "ii the principles uf capillary 
attraction, and iiuleeil this is the explanation geucrally 
received by vegetable physiologists. 

Guided by the principle above laid down, I offered 
the following as an explanation of the action of the leaf. 
The ascending sap, whieh we may assume to be a weak, 
watery solution, rises to the upper face of the leaf. It 
there obtains carbonic acid from the air; of this the sun* 
light eflecta the decompoHition, with the pixiiluotion of 
gum, tlie result being a change from water to a muci- 
laginous solution. In the tissue of the leaf we have, 
therefore, two lifpjids engaged — water and a mucilagi- 
nous solution. Ou the priuciple above indicat^tj, the 
water will drive t}ie mucilaginous solution iMjtore it, and 
force it back along its pmper vessels into the stem. 

What, then, is the reason that the light of the sun 
controls the ra^tidity with >vhich the ascending current 
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cullies? Because it coiiIimIs the ntiiount of carlionic aciil 
reiluueJ, and, tIioivfui>e, thu ouiuuut of elaboi-atvtl !«ap 
foiiut'd. Why is it tbut the upwaiJ fluw UiiiiiinsbM 
when changes are befalling the leaves, ami why does it 
st^jp in thu winter? BeL'tiiim! the nitieiliigiliuus sulutiou 
made by light diminishes iu quantity, or ceases to be 
fiirnied altogether. 

Thi^re are, therefoi-e, two sources of foi-c?e in a flower- 
ing plant— the spongiole and the lenf ; and they (lerivc 
their ]>ower from onrmni"}' physical principles. What- 
ever has been said respecting the niovements of sap in 
exogenous plants applies also to the case of end(^nous. 
and indeed to flowerless plants too. 

It has been clearly established by tlie researches of 
coui]>arative anatomists that the presence of a circula- 
tory nuH'hanisin is deterTnine<l by the centralization of 
the nutritive and respiratory uj)paratu». In exogenous 
ami endogenous plants, from the eitxntnstance that liquid 
ami solid nmterials are iiilnxluced at distant points, chan- 
nels of eotmiuiiiicatioti fniiri one to the other, and indeed 
to every part, are refjuiivd, antl hence the intnxluction 
of a circulatory appaiatus. In the lower tribes of vege- 
table life, where the separation of function does not ex- 
ist, the circulatory meehanism is correspondingly absent. 
ti^aweeds absorb on their vvhttle surtiure, an<l nutrition 
is directly carried forward at the points of reception. 
In licheus there is the first apj^earance of a transfusory 
nu'chnnisin, Hrising fnun the cireuni stance that ou those 
parts which are shaded tVotu the light, absor])tiou most 
rapidly takes place: hei^^ pi-obably, however, the chan- 
nels of movement are the inlei'spaces between the cells, 
and the cautw simple capillary attraction. In mush* 
rooms there is a closer approxinmtiou to the mechanism 
more fully developed in the higher planta, fur in them 
the rootlets absorb nutrient matter Ci-om the soil, fivm 
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which it passes by capillary action to every part of tl 
By stem. 

The cause of the movement of the sap in flowering 
plants, both of thii rise of the crude sap and the descent 
of the eliibomted sap, is the light of the suu, which ef- 
fects the decomposition of carbonic acid. 

From this explanation of the causes of the movement 
of sap in plants, I turn to the circulation of the blood in 
animals. 

In man there are three chief circulations — the sys- 
temic, the pulmonary, the portal. Bearing the above* 
mentioned general principle lu uiind, I J^resented the 
following explanation tif these circulations: 

1. T/ie Systemic. — The arterial blood, which moves 
along the various aortic branches, and is di?itributed to 
every part of the system, contiiius oxygen wbicli it has 
received during its passage through the lungs. Its color 
is crimson. As soon as it has reached its destination in 
the minute ca])illaiy vessels, it begins to carry on it« 
proper pr-ocess of oxidation, attacking in a measured 
way the tissues through which it is flowing. The di- 
rect i-esult of this operation is an evolution of heat. 
But while this chemical change in the tissues is guing 
forward, the artt-rial blood itself is also suffering a 
change in giving up its o.\ygen and gaining in exchan<ve 
the i^esults of combustion. From being crimson, it ttims 
dark: froui being arteiiai, it changes into vcnons blood. 

Now, under these circumstances, what must Uik_e place 
in every capillary or each small portion of a porous struct- 
ure ? On the arterial side, we have the ciinison arterial 
blood; on the venous side, dark venous blood — two diP 
feretit lifpiids. What, then, is the relation that obtains 
between each of these litjuids and the walls of the tube 
or the substance of the parenchyma ia which they are 
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placed ? Must it not be that the arterial blood bearing 
its oxygen lm» an intense affinity tor tlioM' Btructures, 
but^ those afSuities being satiiified, that which was arte- 
rial passes into the oonilition of venous IiUhuI ? The af* 
Huities it had for tlie structures with whieli it was in 
contact are Bfttisficd and have come to an end. The 
arterial l>lood presented a highly energetic force, which 
in the venous has diiniuished to zero. Under tlu-se eir- 
cuiu^taneeH, in aeeoitlnnce with the genend principle, the 
arterial blood must pi-ess the venous blood before it, and 
the flow uiu»t l>e from the artery to the vein. 

2. yV(tf Puhuonavy. — In this the venous blood pre- 
sents itself in the air-cells to receive oxygen. The sys- 
temic circulation deoxidized arterial bUKnl, the pulmo- 
nary oxidizes venous. Tlie latter, therefore, is the con- 
vei-se of the fonuer. The venous IiIoimI Iuw an affinity 
for the oxygen dissolved in the tissues with which it is 
in contact, and the arterial blood has none. Movement, 
therefore, must ensue; but as the conditions of the affin- 
ity are reverseil, so also is the diivetion of the mtrtion, 
for now tlie venous Idood drives the arterial before it, 
and drives it to the heart. 

3. Thf^ Portal Clrculathn. — In this the same physical 
principles apply. The bhio<l which flows towartls the 
liver along the portal vein has bw'n uhtaiued by that 
vein from the chylopdietie viscera; it has, theivfore, the 
same relation to the blood furnished from the different 
and corresponding aortic branches as has tlie general 
systemic venous blowl. The arterial btood, therefoi-e, 
drives it before it in the wune way that the general sys- 
temic circulatiiui takes place; and, poshing along the pol^ 
tal vein, it is now di^i^tributeil to the liver. In tliis or- 
gan it also receives the blood which has been brought 
by tlie hejiatic artery. 

The pixieess of biliary seci-etion now takes place, and 
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cutupouncis of carbon and hy<lix)gen with soda ai-e sepa- 
i-nttnl as bile, and pass along the btliaiy tubes. In its 
finnl effect, therefore, the chemical action of the liver close- 
ly resembles the chemical action of the lungs, ('ompared 
with the blood which j^asi^cs ahmg the brnuclms of the 
hepatic veins and finds its way into the asccndiug vonn 
cava, the portal bitjod diffei's by ooutaiuiug the eleiueuts 
of bile. 

Two systems of forces now conspire to drive the por- 
tal blood out of the liver into the ascending cava. 

First, the blood which is coming along the capillaiy 
portal veins and that which is receding by the hupatic 
veins, cmiijKircd together as to their affinities for the 
substance of the liver, obviously have tliis relation : tbe 
portal blood is acted upon by the liver, and tbei*e ai*e 
st'paratiMl frum it the constituents of tlie lule; the aftin- 
ities that have been at work in prtwlucing the result 
have all been satisfied; and the residual blooi], over 
which the liver can exert no action, constitutes that 
which jiassfs into the liepatic veins. Bi-tweuii tlie j>or- 
tnl bhiod and tlie substance of the liver there is au ener- 
getic uflinity, indicated by the circumstance that a chem- 
ical decomposition takes place and bile is 8e|>anitotl; but, 
that change ouce completed, the rcsitlue, which is un 
longer acted u]k)Ii, forms the venous bUnid of the he- 
patic veins, and hence the portal blood drives betbre it 
the inert blotx! which is in those veins. 

But, in addition to this, the blood of the hepatic ar- 
tery, at\er serving for the economic pur|»oses of the liver, 
is thmwn into the portal plexus. Hence arises a second 
force, which, eons]iinng in its resultant with the former, 
produces movement in the same direction. The pres- 
ence of the arterial bloud iu the hepatic capillaries is not 
only sufficient to give a force towards that in the capil* 
laries of the portal veins, but also to give it a pressure 
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Unvnnls tliat in tliP hepiitio veiDs. No ivgurgitation can 
tnke place backwanU thiviigh the porUl vein upon the 
bIo(Mj arising fi-oui the oliylopoietic visL-tTa, because along 
that channel there Is a pi-essnre propngatwl in the oppo- 
site diivction luisiug fixini the arterial hlood of the aortic 
Viranehea. This pi-essure t-onspires with that of the poi-- 
tal hlooil. and lH>th together join iu giving rise to mo* 
tion towauls the ascending cava. 

On tht) Bnnn* jinnciplc «« may explain the circnlation 
of the blood in other tyi^es of life; for example., in the 
case of the model adopted in fishes, the aorta of which 
hiw long been ivcogriized as bearing a stmng reseui- 
bhince to the jwrtal vein <)f the manuuiilix To any one, 
however, who reflects <m tlie principles here laid <lown, 
there will arise no difficulty in ex{>huning the circtda* 
tion in any particxilar ca^', if this plain pi-ecept be con- 
stantly kept in mind: that, in consequence of the phys- 
ical principle which has been assigned, a pressure will 
always be exerted by the bipiid which is ready to un- 
dergo a change ii]>on that which has already undergone 
it — a pressure wliicli, as tlieie is no force to resist it, will 
always give rise to motion in a direction from the chang- 
ing to the changed liquid. 

I then, in the work referred to and in my *' Physiol- 
ogy," continued the invt*<itigation to a deterniinalion of 
the uses and action of the heart (heretofore considered 
as the fw)le eause of the circulation), the action in as- 
phyxia, the case of obstructeil trachea, local inflamma- 
tion, etc. 

By regaixling the affinity between the Mood and the 
tissues with which it is in contact as the primary cause 
of tlie circulation, we assign n. reason for those various 
phenomena which cannot l»c nccouute«l for by Harvey's 
doctrine: the motions in the embryo; the periodic ami 
locnl variations; the X)ortal circulation; tlie changes in 
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the current as seen under the mici-oseope; t)»e movetuent 
in the capillaries aftt^r the heart is cut out; the empty 
condition of tlie art(M'i('s after death ; the plienomena of 
acnixliac monsters; local iriilaiiiniations and cx)nsrc*stions ; 
the gangroue of parts xshile their capillane-s are imrvi- 
oua; the retartlation of the current on the a]>|ilicAtioii 
of cold or of carl>oiiica('id ij;as; the results of a-sphyxia 
and death hy drowning or hanging ; the changes of press- 
ure in the ai-teiies and veins respectively dunng n check 
on the i-espiratioii; tho vis a tet'go uf the veins; the ef- 
fects of a ligatui"e on those vessels; the action of irres- 
pirable giLses when breathed, and llie opposite condi- 
tions when oxygen gas or protoxide of nttrog-en is used. 
A doctrine which accounts with simplicity for aiich n 
long list of miseellaneoua facts conimeuds its<df to our 
attention at once. There are, however, considerations of 
a still weightier character ^vhich must compel ua to 
adopt it. The affinity between the blootl aud the parts 
with wliieh it is in contact is a eheniical fact beyond 
contradiction. The pressures and motions I liave bt^n 
speaking of follow as the inevitahle conserpieuces of that 
afUuity. We therefore catniot gainsay their existence in 
tho living mechanism, and the oidy donht we can enter- 
tain is as to whether they are of competent jHiW^er to 
produce all the effects before us. But after wlint faod 
already been paid respecting the energ)' of endosiuotic 
movement against pressures of many atmosplieres, we 
may abandon thtwe doubts; aud since we Lavt: here a 
force of universality enough nn<l intensity enough, and 
ID every instance acting in the right direction, it would 
be unjildlosopliical to look farther, since snoh a foi-ce 
must, under tlicsc conditions, exist in the physical necea* 
sity of the case. 
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MEMOIR XXVII. 

ox THE ZXISTEXCE AJTD KFTECTS OF ALLOTUOPISM ON 
THE CONSTITUENTS OK LIVING UElNOtJ, 

Fran th« PhUowpliicBl Magnziiw, April, IMD. 

CowTKHTS : — Allotropitm of tlettitalartf mtUtanett. — FmaJtaiieitnU no- 
menfialure. — Broutthl ahnut by U^hl, heal, eierlricity, and Ay M« ner- 
POVM principle.— SrptatnilHfn of infiammation and r^mgrtUon, 

It bas beeu completely eatablisbeil for the majority 
of elementary siibstaiicus tliat there are several tonus 
under which each may occur — foriiiH differiug entirely 
both in their physical aiul chemical relations. 

Thus, in the cose of carbon, many such foiiiis aiv 
known. To three of them lierzeliiis has directed al^ 
tention: Ist, oi-dinary chaixx>Al; 2d, plumbago; 3d, dia- 
mond. Thtiy are three distiut-t nioililieaLions of the same 
element. They differ in sjuwifiu gravity, in specific heat, 
and in conducting power, both for electricity and caloric. 
In their rotations to light, the first perfectly absorbs it, 
and is black; (lie second reflects It like a metal; the 
thiril is transparent like gla^s. When ci'ystallized, plum- 
bago and diamond do not belong to the same system; 
their chemical relations are also strikingly different. 
Charcoal takes fire with fncility, and some varieties of it 
are even 8|Htntaneou8ly cond)n«tible iii the air; )»ut cru- 
cibles and furnaces are made of pluni1>ago because of its 
incombui-tibility ; and the diamond with difficulty is set 
on fire in pure oxygen gaa. 

It seems immaterial to what c1a88 elementary bodies 
belong, whether electro- negative or positive: they pre- 
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sent analogous results. Silicon, sulphur, selenium, pho<- 
plionis, titanium, ctiromiuiii, nmniuin, tin, iridium, osmi- 
um, copper, iii(rkfl, «)bnlt, iron, oxvgen, cliloriue, are ca&es 
in point; and tlie instances which appear as exceptions 
ai*e ra]>i*Ily iliniiiiisliiiig in number. 

As is well known, to these singular modificatioDS 
Beraelitis g«ve the designation of allotropic forms, and 
the whole phenomenon passes conveniently uadur the 
designation of allotioptsm. lie shows that the peculiar- 
ity Assumed is olten of such n persistent nature tbat it is 
not l<)8t, even thougli the anlistance affected should go 
into comlnnation with others. Thus, there are two forms 
of silicon — one combustible, and the other remarkably 
inconilinstible. Kaeh, ))y iitiiting witli oxygen, gives riae 
to silicic acid; the acid in oni^ case being soluble la 
water and in hydmchloric acid, and in the other the re- 
verse. And, iti like manner, metallic arsenic, which ex- 
liibits the »ame duality of condition, gives rise to tiro 
different arsenions acids, C>f phosphonis there are at 
least two niodificjilions; and, accordingly, we hnvp two 
ctmiponiids of that body with liydixigen, one of which is 
spontaneously infianmiable, and the other not; and at 
least two oxygen acids, tlie nmnobaKic and tiibasio. in 
which the essential difference i-ests in the state of the 
phosphorus they contain. 

It is to be rcnuirked that, so far as observation ex- 
tends, the most common cause of producing these singu- 
lar differences is the action of that class of agents which 
we tcnn iniponderuble substances. In verj' many cases, 
change of temperature brings about allotl-opic cliange; 
in others it is the agency of light, as in chlorine and 
phos])horus; Hrid again, in otliers, association with fi>r- 
eign bodic!-, which apparently establish new vult^aic rela- 
tions, Heat, light, and electricity seem to be the general 
modifying agents. 
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Iiei'z»'liiis, following the suggestion of Frankenlieim, 
proposes a nomeorlatura for puinting out tbv peculiar 
form referi'ed to in any spwinl caw. It depends on the 
use of Greek li-ttera. Thus, we have the three forms 
of carbon just alluded to designatetl on these principles 
by Ca, C0, Cy. But in a Jleinoir republi>lietl in tliis 
work, p. 285, it is ivniarked that we may often with 
greater convenience use the simple expresiiions " active " 
and "passive." Thus, active chlorine is that which will 
decompose water in the dark, ])assive ehhirine failing to 
do so. In this Memoir the same e?cj>re8sions will Ije em- 
ployed. 

llitiierto, allotropistn has only been considered as af- 
fecting inorganic states of matter, but its influence can 
be plainly traced in the far mom inteitsting case of or- 
ganic beings: and this, when placed in a proper point 
of view, yields a remarkable explanation of some of the 
nio8t obscure but important facts in physiology and 
pathology. TIi€«e explanations I pi-opose now to jMnnt 
out. 

In the Philmophicul Miujazine (Mni-ch, 184B, p. 178) 
there is a pajH'r by niu explanatt^ry of the causes of the 
circulation of the blood in the capillary vessels. It is 
merely an abriilgment of a lecture which for eiirht years 
past has been delivered in thi^i university. The doctrine 
there set forth has U^n generally received in America, 
and introdiicetl into some of the standanl works on 
physiology ytulili«he.d in England. The ]>riiiri]tle on 
which it esseutiidly depends, nud which has fH-en abun- 
dantly confinnwl by direct experiment, is briefly this — 
that if there be two fluids occupying a capillary tube, or 
n porous stnicture of any kind, under the condition that 
one of them luu* a stmnger chemical affinity for the sub- 
stance nf that tube or structure than the other, a move- 
ment of the liquid? will at once ensue, that which has 
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the stronger affinity ilriving the other before it- Ou tlii« 
principle u clear account uf tht; systemic circulattuu of 
animals may be given; for the arterial blood, an oacitJiz- 
iiig liq^uid, having a stronger affinity for the soft tissues 
with wliicli it is in contact than the venous blood, the 
affinities of which have been satisfied, and thei'efore no 
longer exist, uecessaiily exerts such a pressure tlint mo- 
tiuu must ensue, the arterial blood iorciug the venous 
before it 

An application of the same piinciples sbows tbat in 
the pulmonary circulation the motions must iiecfssarily 
be in the opposite diiection, or from the venous to the 
arterial side, as is actually the cose. It also explains 
clearly the conditions of the portal cii-culatiou, in wbicfa 
the direct action of the heart could hardly be expected 
to be felt. With tlie generality which ought to belong 
to a true theory, it meets all the cases which occui' in the 
lower orders of auimal life, such as the greater circula- 
tion in fishes, in which tbei-e is no systeuiic lieart; the 
movements which lake place in the vascular system of 
insects; and even the extreme case of the rise and de- 
scent of sap in plants. 

In this iloctiine everything depends on the relation- 
ship between the nutritive fiuiil, oi' blood, and the Si.>lid 
parts witli which it is brought in contact; and whatever 
changes that relationship nmst impress a con-espouding 
change on the cii-culation itself 

From ex])erituents which 1 made some time ago, I have 
been led to suppose tiiat tlie arterialization of the blood, 
as it t^ikcs place on the cell-walls of the lungs, bears a 
strong analogy to the oxidation of white indigo. The 
loose hold which the coloring njatter of the blood retains 
on the oxygen, coupK'd but not combined with it, is not 
unlike what is wltncRsed in other niti-ogenizeil coloriug 
matters, such as iudigo, which oxidizes and deoxidizes 
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witli the utmost facility. Cliai^wl with the oxygen it 
ha9 tbu!4 obtAtned, the aiienal blood passes to all parts 
of the sy.steiu ; auil uow arises that stinking but all-ira- 
pui'tant ])hyKiologienl fact, that it tlova not attack liulis- 
criiiilitattfly all those paits of the soft t^tlidii which it lii'&t 
enouiiu lei's, hut, pi-ocetLliiig in a measured way, exerts its 
action ou such particles aloiiu as have 1>eeoiiiL' el1*ete, and, 
accomplishing the great process of interstitial death, re- 
solves thow ]»aitich'8 into other forms, so that they can 
lie eliminated fixim the system by the lungs, the kidneys, 
and the skin. 

Now why is it that things procewl in tliis way ? Wliat 
is it that n-gulates thi« iutt^rstitial death 1 Why is one 
atom preserved and another surrenUeretl ? 

It is UfMni thfse obscure ]>oint8 that the recent discov- 
eries in alloti'opism shed a flood of light. 

The three U'tiding neiitnil iiitri>gi'nizod botlie5,fi brine, 
albumen, and easeiiie, are eharactenzed by exhibiting al> 
lutropism in a most remarkable degree, and that in n 
double sense. Ist. Though so different from one another 
in their physical and eheiuical relations, it is admitted 
on all Iiands that thev are mutunllv convertible: the n1- 
bunien of the egg, during incubation, gives rise to fibrine 
and oilier allied bndii's; from caseinc in the milk with 
whioh the young mauinmlia are nourished, the albumi- 
noiisnnd fibrinnns constituents of their systems arise; the 
nurse fed on fibriue and uDuiiuen secretes cast'ine from 
the nianimaiT gland. Indeed, there is no more reason 
to ivgard these three IhhHi's as essentially distinct 8ul> 
stances than there is to apply the same conclusion to 
charcoal, plumbago, and diamond. Betweeu the two 
eases there is the most complete an.ilngv; and if char- 
coal, jilumbago, and diamond are merely nllotropic foriiut 
of one substauee, the same holds gootl for fibrine, albu- 
raeu, and caseine. But, 2d, each of these thi-ee com. 
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poun<ls betrays n (lis]>osition under trivial cauf^est to as- 
same new forms; as with silicic acid so with filirioe. 
there ait) two varieties — one soluble in water, the other 
not, A difference of a few degrees of lieat turns traus- 
parent albumen into the porccllanous variety, and aoAlo 
goua observations might be made respecting cas4^iue. 

It may thei*efore be a^^serted that these prot^-iiit? bod- 
ies exhi!)it a propensity to nllotropism in a far more re- 
markable manner than any other sui>stauces known; not 
only passing indiscriminately into one another, but also 
exiiibitini; special valuations under the influence of the 
mo3l ti-ivial causes. 

And now we may recall the fact that, of the agents 
which in the inorganic kingdom bring almut these 
eliangep, the so-called im]>onilcr:ibl(' piim-iples are pre- 
emiueut. I transfer this observation to the case of or- 
ganized beings, and infer that the nervous system bas 
the power of throwing oi^nizeil atoms into tho active 
or passive state; that this is the fnudamental fact on 
which h\\ the laws of interstitial death depend : and that 
upon this principle— its existini^ alh>tropic cnmlition — 
an organized molecule either submits to the oxidbstng 
influence of arterial blood, or successfully resists that 
action. 

But it has been stated that there ai-e certain patho- 
logical conditions which ujion these views meet with 
ft clear exjiljiimtion — conditions which. th<Migb b»ii£j and 
laboriously studied by physicians, remain involvetl in 
contradictions and obscunty. The conditions to which 
I refer are those known as iiifliunmation and cong<*gtion- 

It U iigieed among chemists that during the preva- 
lence of these conditions the urine assumes n peculiar 
constitution. In inflammatory actions the relative qtinn* 
tity of ui-ea and suljthuric acid is much above the nop- 
roal standard, while in congestive cases the i-everse holds 
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good, and the urea and Kulpliiiiic acid are below the 
standard. What is the inttrjiretatioii of these remark- 
able facta? We shall find thiy arc very significant. 

The ([iiHiitity of urea aud Bulphuric acid iii the urine 
undoubt*;dly expi-esses the quantity of proteine matter 
that has undergone OAidatioii in the system. In all 
caM'-s where tliat qnantity is above the normal standard, 
the destruction of proteiue matter has been coixespond- 
iiigly aocelerat<ii ; and whert^ it is defieinnt, the dej»truc- 
tiuu has bt^D ivdiiceil. The ixisult of iuflammatioiis cor- 
responds to the first of these cases, and of congestioua to 
the seeoiid. 

Ri;calliiig now what has bwn said respecting the cause 
of the capillary circulation, we see how all thest! appar- 
ently disconnected facts gronp themselves together in 
the attitude of dt^peudent effects. In inflammation there 
has been that alloti-opic changt; in the soft solids in* 
volved that th<!y have assunu'it a tlispositiim for ra]>id 
ojtidation — tliey ai-e active. Their itflatious with arterial 
blood have become highly exalted ; .and the blood flows, 
on the principles I have st^t foith, to the aftticted part 
with enei*gy. Htnlness of that part and a higher temper- 
ature are the result. Oxidation goes on with prt>m|iti- 
tmle, and urea and sutjihuric acid begin tu aucumulatv 
in the urine. 

But in congestive coses it is the reverse; the parts af- 
fected aro thrown into a more passive state. Oxidation 
goes on in a reluctant way, the amount of tissue meta- 
niorplioHcd diminishes, the nrea and sulphuric acid di- 
minish in the urine; and, on the principles which T have 
emieavored to explain respecting the ca|»illary circula* 
tinii, wc perceive thnt an immediate aelinu must be ex- 
erted on the flow ai' the bhwd : the passive entudition of 
the tissues and diminished cajtacity for oxidation re- 
strain the flow from the arteries, and, there l>eiug now 
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leBS pressure on the contents of the veins, engoi^ment 
of those vessels is the i-esult; and this condition of 
things is what a physician designates as congestion. 

In this manner, if we admit the existence of allotro- 
pism in oi^anic atoms, we can give a very clear explanar 
tion of the condition of the circulation in the patholog- 
ical states of inflammation and congestion, and also <^ 
the peculiarities which in those states belong to the con- 
stitution of the mine. 

Uhitiuitt of Nkw York, FA. 17, 1849. 
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ON THE DISTRIBUTION OP HBAT IN THE ^PECTHUU. 

FrORi the Amrrlrnn JiMim«] t>f Scienm lad Aru fur 187?, Tbinl Seriu, Vol CIV., 

No. ini i l'lilI»M>i>hleaJ AUgMioe, AtiKuH, IttTS. 

CoKTliTT*: — Sartff exprritneHti teeming to prove that tht maximum of 
htat ■'« i» /A* t*4a rtfrtitiffihU tpattM. — Contpariton of Ike ttUpmtitm 
ajut diffrarlioa gjxrira. — Efftrt of fomprfnion in tAe 2sh rtfrvmgiUt 
reffioHM and nf Jilutttiion in the marr rtfraajpb/t. — Mmmn of AMf tn 
lAtf ttra kalva of tht ritihle iHtperiion gpettrtim. — Daeriptimt 0/ tk* 
appanlu$ rmploytd. — Th» difftrmt eoiortd ipactt an t^wtity warm. 

Many experimeiityrs, at various tlmi*s, Tiavc occiipiecl 
thcmsolvcs witli the prnhk'in of the Distrilmtion nt'licat 
ia the SpL-ctimu. At tii-st it vvan sti|i|K)RL'(l that there is 
A coiucidence between the luiniiiuus niul calorific radia- 
tiona, and that tlie uinxinium of intensity in both occurs 
at the same jmint — that is. In the yellow sjmce. This 
view wa» abandoned on the publication of the well- 
known experiments of Sir W. Herecliel, who showed that 
in certain cases the niaxinuim is below the it'd. Subse- 
ijncntly Melloni, having discovei-etl the singular heat 
tran9i>aix*ncy of i'ock-8alt, proved that when a prism of 
that BubBtance is utied, the maximum in ((ueittinii i» as far 
V'low tlie red as the red Is 1h*U>w the yellow ; bnt that if 
the tight has passed through fliiit-glass, the niaximuni ap 
proaches the red; if thi-ongh crowu-glass, it passes into 
the red; if through water or alcohol, it enters the yellow. 

In the cn^ie of the sun's i(pi*<'truiu the distribution of 
heat was more closely exaniiiicd liy IVifessor Midler, 
whose results in a general mauuer coufinutMl the views 
then held, that the invisible iTidiatiuu bolow the red 
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gi-eatly exceeds tliat iu tlie viisible Bjieotrum ; and still 
more recently Di*. Tyiulul), exaiuiiiiiig the specti'uai uf 
the electric light through rock-salt, showed tliat the 
curve indicatiug the diritributiou "iu the region of the 
dark rays buueath the red shouts suddeuly upward in a 
steep and massive peak, a kind of Matterbom of heftt, 
which ipiitc thvaifs by its luagnitude the portion of the 
diagram repi'eaenting the visible radiation.'^ Tliust; in- 
vestigations were made under uiiexcejitioua^jle circum- 
stances; the beam of electric light had [tntctically under- 
gone uo atmospheric absorption, and the optieul refract- 
ing train was of rock-salt. 

Sir J. llerecbel had shown in 1840 that when the 
sun's rays are dispersed by a flin^glas3 pnsni, the dis- 
tribution of the heat tnwards the less refratigible rvgioD 
is not continuous, but there are three niaj^iiuuni points 
These points, as shown by Dr. Xyudall, do not exist in 
tlic spectrum of electric light, the decline of wLich is 
continuous; they are thei"efore to be attributed to the 
absorptive disturbance which the sun's lays have under- 
gone. Quite i-ecently (1871), M. Lamansky has succeed- 
ed in identifying these interruptions by the aid of the 
therrao- multiplier. In his Memoir he states that, with 
the exce]tti(in nf Fuucault and Fizeau, in thcii' well- 
known expei'iinents on the interference of beat, no one 
has made refei-eiice to these lines, and that all ex|>eri- 
itienters describe the heat -curve as a continuous one 
{FhilvsophUul Miujazine, Ajiril, 1872). 

1 niay therefore be excused fur remarking at this point 
that the three lines in question were not only observtHl 
by uie nearly thirty yeara ago, but that an engraving 
of them was pnV>lislied in that journal, in a luetnoir an- 
nouncing the discovery of fi.xcd Hues in the invisible 
portions of the si>ectruni (May, 1843). It will be seen, 
from an inspection of that engraving, that these lines 
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are marked a, /3, y» Tli«y were impressed on daguerre- 
otype plates l>y resorting to the wellkuowii }}n>cesse3 
for o^tuiuiug pbotographs of the less infrangible regions 
of the spet-truiiL The ]>aper la republished in the pivs- 
eat vulume, \[em(]ir III. 

In view of the preceding statement and others that 
might be given, it may, 1 think, be aflirmed tiiat the 
general opinion hdd at the present day as to the consti- 
tution of tlie H]H!<;tniin is this, that tliei'e exists a heat 
H])wtrum in the less rufiaiigible ifglons, a light sjiectrum 
in the intermediate, and a spectrum producing chemical 
action in the more i-efraugibW regions. An experimental 
attempt tu correct this view, and to introduce a more ac- 
curate interpi'ctation, will not be without interest, espe- 
cially as it is uecessarily and dii-ectly connected with the 
important subject of photometry. In this Memoir I shall 
offer some experiments and suggestions respecting the 
beat of the spectrum, and in another, shortly to be pub- 
lished, shall consider the distnbution of the so-called 
chemical rays. Among the numerous problems of actino- 
chemistry, there arc none more important than these. 

All the expenmeots hitherto mailo on the heat of the 
spectrum have been conducted on the principle of ex* 
|M>sing a tliprnmmeter in the differently colored spaces. 
Such was Sir W. HeraelierH method. Tjeslie usetl a (lit- 
fercntial with small bulbs. Melloui, Muller, Tyndall, a 
thermo-electric pile, the form preferred being the linear. 
This was advanced successively through all the radia- 
tions, and the deflections of the multiplier noted. 

Is not this method essentially defective it Does it not 
neoesaarily lead to incorrect i-esults ? 

"There is an inherent defect in the prismatic spectrum 
— a defect originating In the very cause which gives rise 
to that spectrum itself — unequal refrangibility. C>f two 
groups of rays compared together, one taken in the red, 

Bb 
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the other iu the violft region, it is clear that in the same 
spectrum, fi*om the very circumstance of their gre»t«r re- 
frangibUity, those in the violet will be relatively more 
aeparatetl (TOra each other than those in the red. Tb« 
result of this inci'eased separation in the more refrangi- 
ble regions is to give an apparent dilatation to theoi, 
while the less refrnnsrible are concentrated. The relative 
position of the colors must also vaiy: the fl.xed lines 
must be placed at distances givater than their true dis- 
tances as the violet end is approached.^^ I atu qaotiog 
from the fifth chapter of a work " On the Forces which 
Produce the Organization of Plaut%" published by me in 
1844. In this chapter, one of the chief points insisted on 
is the necessity of using wave-lengths in the measure- 
ment and discussion of spectrum results — a suggestion 
which, I believe, I was the fiist to make, and which I re- 
newed in a memoir in the Philos&jj/iical Muijazinti (June, 
1845). 

The importance of tlieae remarks respecting the pecul- 
iarities of the j»risniatic or dispersion spectrum may per- 
haps be most satisfactorily recognized on e^Eamiuiiig such 
a spectrum by the sitle of a diffraction or interference 
one. By the aid of Fig. 86 this may be done. 

Regarding the space between the fixed lines D and K 
as representing the central i-egion, in each the fixed lines 

I, D and E are made 
coincident. The 
other lines an: 
laid off ill the 
prismatic as they 
appear througji 
the flint-glass pnsm of the spectroscope; those of the 
diffraction are arranged according to their wave-lcngthis 
It thus n]>pears that in the j>rismatie, from the fixed line 
D to A, the yellow, orange, and i-ed regions occupy bnt 
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little more than balf tlie space tliey do id the diffraction ; 
while the grtt-n, Miie, imiign, nnd violet, fmni the fixed 
line £ to M, occupy iifai-ly dmilile the space in the pria- 
nifttic tiuit ihfy do id the diHVacti<m speL-tniin. The i;en- 
eral result i», that in llic prifinmiic the \%tss refrangible 
regions are much conipressitl, and the mure refrangible 
niucli dilatcnl. And it is plain tliat ttte (^anie will hold 
go(>(J in a still greater degree for any invisible rays that 
are below the red and aliove tliu violet r«s[>ectively. 

Now, if a thermometer of any kind were carried id 
Bucceasion t'i*oni the greatly dilntetl, more refrangible re- 
gions tti the greatly oondeused, less refrangible, couM the 
measures obtained be accepted as expre^^sing the true 
distribution i Tiie thermonietric aurfiice t>eing invariable;, 
would it not receive in the le«8 refrangible spacer more 
than it^ proper amount of heat, and in the more refrangi- 
ble less than its proper amount? 

If we should admit that the diRtribution of heat in a 
correctly fonued spectrum is uniform, it is plain that 
measures made by the use of a prisiit would not su^>stan- 
tiate that aduit^tsion. The concentration to which I have 
alludt'd as taking place in the less refrangible i-^on 
would give an exaggerated, an increased beat for that 
region ; and, on the contrary, the dilatation of the more 
refrangible would give an exaggerated diminution of 
heat for that space. But if it were possible to nnike Hat> 
isfnetory heat measures on the diffraction spectrum, in 
which the colored spaces and fixed lines ni-o arrang»Hl ao- 
conliug to their wave-lengths, the admission would bo 
substantiated. 

In view of these facts, I did attempt, many years ago^ 
to make heat measures on the diffraetion speetrum. But 
so small is the heat that, as may be seen in the Vliilo- 
mphical Magazine (March, 1857), the results were nn- 
Kattsfactory. More recently I have tried another nieth- 
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(kI of investigatiuii, on pi-inciples nbich I will ni>w ex- 

plalD. 

For the sake of clearness, restricting oar thoughts for 
the momeut to the more familiar case of the visible spec- 
trum, if we desiced to ascertain the true distribution of 
heat, woukl not the pi-opcr method be to collect all the 
more refrangihle ra}s into one foeni grou]>, arul alt the 
less refrangible into another focal group, and then lueaiy 
uw the heat that eaclj gave? It' the view currently re- 
ceived be corre<:t, would not nearly all the heat obsei'veil 
be found in the latter of these fot:i, ami little, if indeed 
any, be found in the former? But if all the various re- 
gions of the sj)ectruni possess w^ual heatgiviug powers, 
woukl uot the heat in each of these foci be the same? 

Let us give greater precision to this idea. Using Ang- 
strom's wave-lengths — the length at the line A is 7ti04, 
and that at H* 3933, and these lines are not very far 
fiom the less and more refrangible ends of the vmhJt 
spectrum respectively. The niitldle jjoint of this speo 
tium is at 57C8, which may therefore be called it« <iptic«d 
centre. ThiH is a little beyond the sodium line D, which 
is r)892. Now, if by suitable means we reunite all the 
i*ays between 7604 and 5708 into one focus, and all the 
rays between 576S and 3033 into another focus, are we 
not iu a position to determine the true distribution of 
the heat? Should the heat at these two foci be seuaihty 
the same, must uot the conclusiou at present held b« 
abandoned? 

If iu these im-estigations the rays of the sun be used, 
it is necessary to restrict the examination to the visible 
spectrum, excluding the invisible n?d and invisible vialel 
radiations. On these the earth's atmosphere exert* not 
only a very powerful but a veiy variable action, and, 
what is still more, an action the result of wliicli we can 
not see, so that we are literally working in the dark. 
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There are days on which, owiiii; to the excessi\'o alwuoriv 
tion taking place atnorig the ultra-rvd ray», a jvck-salt 
train has no advantage over one of glass. But if it U 
the visible R]>ectruiii alone that wc are using, and the 
prisms are of a material enlovh'm to the eye, we may lie 
certain that they are exerting no selective absorption on 
any of the rndiatinne of that spectrum, and that the in- 
dications they are giving are reliable. 

This variable absorptive action of the atmosphere de- 
pends partly on changes in the amount of water vapor, 
and partly un the altitude of the sun. At midday and 
at midsummer it is nt a minimum. The disturbance 
is not merely a therraochrose, fur both ends of the spuc- 
truui are attacked. It is a matter of common observa- 
tion tiiat the borizoutal sun has but little pliotngraphie 
power, owing to atmosidiene abMorfttion of the ultra-vio- 
let rays, and under the same circumstances his heating 
power is diminished, owing to the absorption of the ultra- 
red rays. Rut if the day be clear, and the Hun's altitude 
sufficient, the visible spectrum may be considered as un- 
affected. 

It should be borne in mind that the envelopes of the 
Sim himself excit an absorptive action, which is power- 
fully felt in the ultraviolet region, as is indicated by 
the numerous fixed lines crow<led togt-ther in that region. 
The force of this remark will be appreciated on e.\amin* 
ing the plate above refen'etl to in the Philomphu'al Matj- 
azhte for May, 1S43. 

It seems, then, that all the conditions necessary for the 
solution of this problem will \m closely approached if we 
make use of prisms constituted of any substance which is 
covipl4ielif citiiyrf^aij U/ Ote etfe, and confine our nieasures U* 
the visiUe H^^^r/rr/m, oidlecting all the radiatimis lietwtx;n 
the fixed line A and the centre of that spectrum just be- 
yond D into one focus, aud nil the radiations between 



390 WISTIUBLTION OK HEAT IN TIIK SrKCrUUM. [Mkhoih XXVUL 

that centre and H^ into another focus, and by the tbenuo- 
]>ile, Of any other suitable means, measuring the heat of 
these foci. 

Such is the method T have followed in olttaJniiig the 
measures now to be pi-cseutcil: but before giving them, 
there are certain preparatory fiiets which I wisli to suU 
mit to the coijfeiJerutiou of the i-eader. 

(1.) In the mode of experiment hitlierfco adopted, no 
special care has been taken to ascertain with accuiacy the 
position of the "extreme red," yet that is held lo be the 
point from which, on one side, we are to estimate the in- 
visible, and, on the otlier, the visibit? spectruiu. Differ- 
ent persons, }*ei'h:ips hecjtiise of u ditlerent sensitiveness 
of their eyes, will estimate that position diffeixjntly. The 
red light shades oft' gradually — it is almost impossible 
to tell when it really comes to an end. A linear thermo- 
pile, such as is commonly used, is lialile, under these cir- 
cumstances, to give deceptive results, and any error in its 
indications counts in a double manner. It not only di- 
nnnishes the value of one s[>eetrn[U, but it adds that ditn* 
illation to the vaUm of the other. The force uf this re- 
mark will be uudei'stood by considering the best experi* 
ments hitherto made oq this subject, those of Dr. Tyndall, 
as related in his " Heat a Mode of Motion" (London edi- 
tion, 1870, p. 420, etc.). In the case of the electric light, 
the result yielded by those e.vpoiiments was that the 
beat in the invisible is eight times that of the visible 
ix'giou. But had thtre been an error in estimating the 
position of the extreme red by only two niiliimeters, so 
much would have been taken from the invisible aud add- 
ed t*i the visible that they would have been brought to 
ecpiality, and then the slightest turn of the screw that 
earned the pile towards the dark space wouUl have 
given a prep<mderanec to the visible. It is obvious, 
therefore, that tiiere cannot be ccrtaintj' in such meas- 
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ures, uuletss the fixed lines be resorted to as standaixl 
points. 

(2.) A ray which has passed thwugh a solution of 
sulphate of copper and ainiuonia |H>8se8ses no in^iji^nifi- 
cant heating power. I took n stratum of a solution of 
that salt, of such strength that it only pennitted waves 
to pa!$s which are of less length than 48UO. Seen in thtt 
spectroscope, the colors traiHtnitted through it eoni- 
luenced witli a tliin green fringe, fuUoweti by blue, in- 
digo^ violet. It thereturu gave rays in which, acconling 
to the accepted views, little or do heat should be detect- 
ed. Vet 1 found that &uch rays produceil one ninth of 
the heat of the solar beam. Does not this indisputably 
show that the nioi-e refrangible rayn have a highei* ca- 
lorific power than is commonly imputed to them i 

(3.) xVgain. by the use of the apparatus presently to 
be deitcrihed, I found no diHieulty in i-eeognizing heat in 
the violet region. Hut in the mode of eoiidueting tlie 
experiment heretofore resoited to, it could not be detect- 
ed in rays nioi-e refrangible than the blue. It was this 
result whieh gave ^ much weight to the conclusion, that 
in the more refrangible regions the calorific power is re- 
placed by chemical force, and streogthene*! the idea com- 
monly entertained that the solar radiations consist of 
thnte distinct principles — heat, light, and actinism. In 
the Memoir above refeired to, as soun to be pulilished, I 
shall present some facts whieh apjiarently make this view 
indefensible. 

(4.) If waves of light falling upon an absolutely black 
suiface, and becoming extinct thereby, be transmuted 
into heat, if the warming of surfaces by incident light 
be nothing more than the conversion of motion into 
heat — an illuitti-ation of the modern doctrine of the corre- 
lation of forces, heat itself l»eing only ** a mode <»f uio- 
tioa" — it would seem extraordinary that the conversion 
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shnulii cease in the green ur blue or in any middle my. 
On the contrary, calonfic effects ought to be traoeable 
throughout the entire leni^tb of the sjx^trura. These 
views on the trail sfei-eiice of luutiou fi*om the ether to the 
jwrticles of ponderable bodies, and conversely, I eodeavor- 
ed to explain in detail in a memoir on Phosphorescence 
inserted in the Philosophical .l/if///«ji"/»?, February. 1851, 
p. 98, etc. (Memoir VIIL). 1 had previously indicatttd 
them in the same journal, February, 1847 (Memoir V.). 
A given seritw of wave-s of retl liglit impingiug u{>«n an 
extinf^uisliing surface will pro<hice a definite amount of 
heat, and similar series of violet waves should produce 
the same amount; fur tliough an uudulatiou of the lat- 
ter nmy have only half the length of one of the tV»nner, 
and therefore only half its vis vivit, yet, in conse<juence 
of the equal velocity of waves of every color, the iiiipact~s, 
or impulses, of the violet series will be twice as frequmit 
as those of the re<l. The same principle applies to any 
intermediate color, and hence it follows that every color 
ought to have the same heating ]>ower. 

Dmiription of the Apjmj'otus employed. 

Tlie optical airangement I have employed for carryioEj 
the foreg()ing suggestions into practice is represented by 
Fig. 87, and in a horizontal section by Fig. 88. 

A ray of sunlight reflected by a Silberman's heliuBtnt 
comes into a dark room through a slit, rt, one millimeter 
wide. It then passes through a prism, h. On the front 
face of this prism is a black paper screen, c o, having a 
rectangular opening, just Hufficient to permit the light of 
the slit to pa*;s. After refraction the dispersed rays fall 
as a spectrum on a concave metallic mirror,^/*/, nine inch. 
es in a])erture and eleven in focus for parallel rays. I 
have sometimes used one of speculum metal, but more 
fi-ef^uently one silvei-ed on its front tace. In front of thi;« 
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mirror there are Iberefure three foci. At n distance of 
eleven inches there is one, *», Fig. 88, giving a 8^»ectrufD 
image of the sun. Still faither there is a second,/, which 
is a 8]»x*tnim image of the slit, n, in whieli, if the pnsm 
beat it.s angle of minimum deviation, and the other ad- 
jiistmenta be coirectly mndi', will Iw seen the Fi-aunhofer 
lines. Again, still fai-ther cff, at rj, is u focal image of 
the rectangular oi>eniug of the black paper, c i; on the 
front face of the 
prism, This inu 
age, arising from 
the recombination 
of all the dispei-sed 
rays, is conse<|nent- 
Iv white. The sec- 
ond and third foci 
are at dii^tauces '^ 
from the mirror de- 
pending on the dis- 
tance of the slit, (I, 
ami the black par 
per,rf,re8pectively. 

With the intention of being certain that the light com- 
ing through the slit, a, is falling properly on the rectnngn- 
lar (ijtening in the prism sci-een, cc, n small looking-glass 
is p1ac<Ml at/>. The e.vi»erirnenter, sitting near the mul* 
tiplier, m, can then see distinctly the reBected image of 
that opening. 

At the place where the second focal image, with its 
Fraunhofer Vmefi, forms, two scifens of white pasteboanl, 
A, I, are arranged. By suitably placing the former of 
these, k, the more refrangible rays may be intorcej>ted, 
and in like nmnner by the other, /, the it^a refrangible. 
In using the^e screens, and particularly A, care must tw 
taken that no myi passing fi-om the prism to the mirror 
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be ol)stnicteil, a remark that appliefl espetTially to the in* 
visible rays uf less retVaiigibility than the retl. For tbis 
reason the miiTor,(/</,must be placed at such an ol/liquity 
to its iDciJent rays as to throw the focal images siiflioienc- 
]y on one eiile. Yet tliis ohltqiilty must iiut be great^^r 
than is actually necessary tor tliat purpose, or the purity 
of the secoml spectruu), with its Fiaunhofer lines, will be 
interfered with. At the plac« of the third focus, arising 

— from the reunion of the 



disprrsud rays, is the tber- 
— ^ nuipik*,<7, connected by its 
\p wiic3, k k, with the multi- 
plier, ni. 

Whenever any of the 
visible rays of the Fraun- 
hofer spectrum are inter- 
^ ^^^ __,,- — ;. ^,^ cepted by advancing either 

^^""^'^j/^^^--'^^ of the screens A, i, the im- 

\,i:i^-^^^^ \ age on the face of the pile 

X censes to be white. It be- 

'"•^ comes of a superb tint, an- 

Bweniig to the combination of the non-intercepteU rava. 
A slip of white pa])er placed for a moment in front of the 
pile will satisfy tbe experiment<;r how magnificent these 
colors are. It is evident, therefore, tiiat by this arrani^e- 
ment the pile will enable us to measure the heat of au\ 
particular ray, or of any selected combination of rays. 
The screens can b*' aiTanged so as to reach any desig- 
nated Frannliofcr line. 

The pile I have used is of the common squai-e form ; 
a linear jiile would not answer. The focal itnnire on the 
pile is of* very much greater width than the slit u, on ac- 
count of the obliquity of the front face of the pri^ni. 

By removing the screen A, and placing the screen ( so 
that its edge coincides with the line A of the Frauuhofcr 
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Spectrum, all the invisible bent raf^lintions of less refran- 
gibility than tbe red are cut off, except the ooutaiuinat* 
ing ones arising fmm the general diffusion of light by 
tliB substance of the injsiii. ITiiiler theMy ciixMiin^tunces 
the iuiage on the pile will be \vbit«, and the niutti|iHer 
will give a deflection repi-esenting the heat of the visible 
and the extra-violet Jvgione. If then the screen be ad- 
vanced still farther, until it has intcrcepte<l all the less 
refrangible i-egions up to the sotliuni line D or a little 
beyond — that is, to the optical oe»tre of the spectrum — 
the tint on the face of the pile wiU be greenish -blue, 
jintl the tnultiplier uill give a lueasure of the heat of 
the mure refrangible lialf of the visible s{>ectrum, to- 
gether with that of the ultra-violet rays: the latter po^ 
tion may, h(>wever, be eliminated by properly using tbe 
other wi-een, A. 

Besides the error arising from stray heat diffused 
through the spectrum in consequence of the ojitical im- 
{>e]-fectiou of the prism, there is another which may be 
recognized on rt'collecting the relative |H»sitions of the 
prism, the concave min-or, and the face of the pile. It is 
evident that tbe pnsni, considcivd as a warm or a cool 
masa, is a source of disturbance, for the miiror reflects its 
imago — that is, the image of tbe prism itself — to the pile. 
Afler the intromitted sunbeam has passe<l through the 
prism for a Khort time, the tenij>eratui« of that mass has 
rinen, and the beat fi-om this source has l>econie inter- 
mingled with tbe proper spectrum heat. But tliis eiTor 
is very easily eliminated. It is only necessary to put a 
screen, n, in the path of the incoming ray. between tbe 
slit and tbe prism, ami note the defle<:iion of tbe multi* 
plier. Used as we are here supposing, the multijiber 
baa two aeros. The first, which may be termed the 
magnetic, is the position in which the needles will stand 
when no cuirent is passing thi*ough the coil. The scale 
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of the instrument should be set to this. Tlie other, 
which may be termed the working zero^ is formed by 
coupling the pile and the multiplier together, aud intro- 
ducinof the seit'en n l>etween the iDtromittinsr slit and 
the prism. On doing this it will jtrobftbly be found 
that tho index will deviate a few divisions. Its po- 
Kitiiin should be accurately marked at the be^nning 
and close of each set of measureSj and the proper correc- 
tion for tlieni made. The distuibing inftuences of the 
mass of the prism, of the mirror, and of the pile itselC 
are thus eliminated. As respects the lHst> it should not 
be forgotten that it may l>e affected by changes in the 
position of the pei*sou of the experimenter hiiutself. 

With the intention of diminisbing these errors, I have 
usmdly covcrcil the upper and lower jtoi-tians of the con- 
cave mii-ror, '/»/, with piwes of hlnck paper, so arranged as 
to leave a band of sufficient width to receix'e and inflect 
the entire spectrum, a- a, Kig. 81), is the upper paper, ft 6 
the lower, c o the uncovei-ed i^flectins 
band, receiving the spectrum, r v. Had 
the spaces thus covered been peiinittetl to 
reflect, they would have rendered more in- 
tense the image of the prism with its ex- 
traneous heat. 

As regards the multiplier, care must 1)0 taken to avoid 
disturbance from aerinl currents. I have one of tbitw 
instruments of French construction, which coidd not be 
used iu these delicate researches until proper nri*ani;e- 
ments were applied. It was covered with a glass shiuio. 
The slightest cause occasioned currents in its included 
air, which perpetually drifted and disturbed the needle*. 
For this i-eason, and also for more accurate i*eading, it is 
best to view the position of the index through a Hmoll 
telescope. 

The combination of needles being nearly astatic, at- 
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tt^utiuii must be paid to tbetr magnetic perturbations, 
whether arising from li>cal or other causes; and, since 
the vibraiioud are very slow, auiple time must be given 
befui-e the reading \& ascertained. 

The condition of tlie face <>f the pile is of inipoi-tance. 
It must be such as to extinguisli as ounpletely as pussible 
all the incident rays. To paint it with lamp-black, mix- 
ed with gnni, will tmt ausiver — the surface so produced 
18 tn4) gl()Ksy iind reflecting. Tlie plan I have fuund best 
IB tu take a glans tube half an inch in diameter and six 
inches loug, open at I>ot!i ends, and use it as a chimney. 
A piece of camphor being set on fire at the lower end, 
and the face of the pile to be blackened being held for a 
moment at the upper, it is coveivd with a dense black 
film, without any risk of injury to the pile. Even at the 
best, when this ha.* been done, there is an unavoidable 
source of en-or in (he want of perfect blackness of the 
lamp-black. It is sutlieient to inspect the face of the pile 
-when receiving rays fiom the concave mirror to be satis- 
fied how large a portion of light is reflected. The ex- 
]>eriments of Dr.Tyndall show that this substance also 
transmits a considerable percentage of the heat falling 
on itw It^ quality of transmitting light is well known 
to every one who had looke<l at the sun through a 
emoked gla»s. 

The gftlvanonu'ter I have used is calibrated according 
to the usual raethi>d. The numbers given in this Memoir 
do not represent the angles of deflection, but their corre- 
ajKinding forces. 

The proper position of the intercepting screens 7^, *, can 
often be verified with precision by looking through blue 
cobnit glass. This glass insulates a definite red, an 
orange, and a yellow ray in the less refrangible regions, 
and then, comnu-ncing with the green, gives a continuous 
band tu the end of the violet Its red ray b^ins at the 
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lees refrangible end of the sjiectniin, nnd ends near C; 
it iiicludeH the fixed lines A, B, C. Its orauge ray li« 
wholly between and D, iuduJing neither of those lines. 
Its yellow ray begins tiear 5804, and ends about 5581 ; 
the line D is theintfore near its ])oint of beginning. The 
remaining conttniiotis band begins about 5425 ; it there- 
fore inrludes the lines f^, f>, F, G, II. I liave found this 
plasa of much use in determining how far the screen i 
has been pushed. It i^ convenient to select a light kind 
of it, and by looking through one, two, or three pieces^ 
the depth <if color c;ui be regulated at pleasui-e. 

The optical train wliich has acted on the ^unlieam un- 
der examination is, therefore, (1) the sun's atmosphere; 
(2) the eaith's atmosphere; (;i) the heliostat mirror of 
spt'cnUini metal; (4) the prism; (5) the concave luiiTor 
of silvered glass; (6) the blackened face of the thermo- 
pile. 

liesnlta ohtain&l hy tJte Apparatus, 

We are now ready to examine the results which this 
optical ajiparatus yields, it having been of ctjurse pre- 
vinusly aseertained that the i-efleeting band of the con- 
e^ive niirmr, f/ J, is sufficient to receive all the radiations 
coining from the prism, and that none are e8ca|>ine past 
its edges. 

The operations required are as follows: 

The heliostat is to he set, an<l its I'eflected my lirought 
into the proper pusititm. The optical train i** atljustetl, 
the prism being at its minimum deviation, and the con- 
cave mirror giving a whito image on the face of the 
pile. 

Tlie screen A is then to be placed so that, M'ithont in- 
tercepting any rays coming from the prism to the luirror 
it cuts oO'aU the Frauuliofer spectrum above H*. 

The screen * is so ]ilaeed as to cut ofi'all rays less re- 
frangible than the sodium line D. More correctly, the 
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screen shoiilil hp n littl** l)eyond D. The light on the 
face of the pile will now be gi-eenish-lilue. 

The screen n is then placed so as to intercept the in- 
tromitted beam. When the neeclU^s of the muUiplier 
come to rest, they give the working zero, which must be 
Doted. 

The intromitting screen n being now removed, the mid- 
tiplier will iudicute all the heat <>( the more refrangible 
rays; that is, from a little beyond D up to IP. The force 
coiTected for the working zero is ti» !»e noted. 

The screen * is then removed to the line A. bo as to give 
all the radiations between the lines A and H'. The light 
on the face of the pile is white, and the multiplier gives 
the whole heat of the visible Bpectruni. By subtracting 
the fi^regoing measure from this, we have the heat of the 
less refrangible region; that is, from A to the centre of 
the spectrum. 

As a matter of curio!»itj' the experimenter may now, if 
he please, remove the screens A, t; the liglit on the face 
of the pile will still l>e white, flod the multiplier will 
give the force of the entire radiations, except so far as 
they are disturbed by the thermoehrose of the media. 
These measures, as they do not bear upon the proK 
lenj under consideration, I do not give in the following 
tables. 

Instead of advancing the screen i from the less tow^ 
ards the more ivfrnngible regions, I have very frequently 
moved h from the nioi-e refrangible to the less. When it 
is brought ilown from I!" to the centre ot the spectrum, 
the light on the fitce of the jiile is of an intense orange- 
red — it might iH*rhap9 be called a bromine-red. I nee<l 
not give further lU-tails of this mode <»f exiierimentation, 
as I did not find that its i-e^ults differed in any impor- 
tant degree fi-om those obuined as just described. 

The variation in different exjierimcnts may generally 
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be traceJ to ermi-s in placing the screen * with exactness 
on the centre of the spectrum and on the line A, 

For the saVe of more convenient comparison, I have re- 
duced all the diffei-ent seta of experiments to the stand- 
ard of 100 for the whole visible spectram, 

T have mnde use of four prisms: (1) rock-salt; (9) 
flint-glass; (3) bisulphide of carbon ; (4) quartz, cut out 
of the crystal so as to give a single image. 

All the observations here recorded were made on davs 
when tbei'e was a cloudless sky. 

Tablr I. — Dlatribulion of Heat dtf JtocJe-»alt, 

StriM I. Svriw IL 

(I) llwt of the whole vteiblsfpcclniin luo - JOO 

C3) " mora rofningiblu njKion ftS fit 

(») " ku " 47 49 

In this table the column marked Seiies I. gives the" 
mean of four seta of nuasuros, and that markeJ II. of 
three. At the begiiiiiiug of each set the i-uck-salt was 
repolished. 

Table IT.- — DUtributton r>f Ifcat by Ftint-yfa**. 

0) HcMof (be whale vi«it)1e «|xKtriini luo loo 

(it) ** mujc refi'Angiblo tVKicJD 40 fiS 

W " lesB " ** 61 48 

Series I. gives the mean of ten sets of measures. Series 
IL of eight, 

Taulb hi. — Dittribulion of Heat by Bimljihidr of Varhon. 

SerlM 1. Serkw It 

(1) HeiU of ihe Hhol« Tiiiilil« upecirnin PKt XOO 

(SJ " inoi-«nifmrigibLe i-cigion £3 49 

(B) " Im '* •• 48 fii 

The sulphide employed was devoid of any yellowish 
tinge ; it was quite clear. Series I. is ttie lueau of eight 
experiments, Series 11. of ten. 
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Taulb IV. — Dutribatmt 0/ Heat by Quarti, 

8*ri«i L Serif* IL 

(t) [I«fttorilw«rUI<>r!«bl4< •twrtrnra 100 IW) 

(:!) " nora refraiigibio tcgiuB 4U AS 

(«) " XtM " " 51 *T 

Series L represents twenty seven exi>eruiient9, Series 
n. twelve. In tlie furmer two quartz pnsius wej-e used 
to increase the dispersion ; in the latter only one wm 
employed. 

l*erba]>3 it may not be unnecessary for me to say tbat 
I have i-epeated ibese experiments many hundred times 
diu'ing a jMtriod of stiveral munths, iiichiding the winter 
and the summer, varying the couditions as tu the lionr of 
the day, arrangement of the appar.atus, etc, as much as I 
couhl, and pi-escnt the foregoing tables as fair examples 
of the results. Appivhendiug that the heliostat mirror, 
which was of speculum metal, might e.\ert some disturb- 
ing influence on account of its faint ixnldisli tinge, 1 nv 
placed it with one of glass silvered on the fi-ont face, but 
could not detect any 8ul)9tantiid diifereuce in the results. 

The im|K>rtaut fact clearly brought into view by these 
experiments i;*, that if the visible sjwctruui be divided 
into two e<[ual portions, the ray having a wave-length of 
5708 being considered as the optical centiv of such a 
spectnjm, tht«e portions will prawnt heating ]>owers so 
nearly equal that we may impute the differences to errors 
of e.\iwnmenttitIon. Assuming this as true, it necessarily 
follows that in the spectrum any two series of undula- 
tions will have the same heating power, no matter what 
their wave-lengths may Ikj. 

But this conclusion lewis onavoidably to a most im- 
portant modification of the views now universally held 
as regards the constitution of the spectrum. When a 
ray falls on an extinguishing surface, heat is produced ; 
but that heat did not pre-exist in the ray. It arose from 
the stoppage of ether waves, and is a pure instance of 

Co 
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the conversion of motion into lioat — an illustnitioo of 
the nicKlern doctrines of the conservation and Lrausiiiu- 
tntinn of force. 

From tins point of view, the conception tbat tbere ex- 
ist iti an inrith^nt ray vannus pnnciph'S i1isapj>t*An* alto- 
gether. We have to consider an incident ray ns consist* 
ing 8olely of ethereal viliratioas, which, when tbey are 
checked by an extinguishing substance, lose their vi-n viva. 
The effect that ensues depends on the quality of the sub- 
stance. The vibrations imparted to it may be mauifest- 
ed by the prodnetion of heat, as in the case of lamp* 
black, or by chemical changes, as in the case of many of 
the salts uf silver. In the parallel instance of acoustic? 
clear views have long ago been attained, aud ai-e firmly 
held. No one supposes that sound is one of the ingi"e* 
dients of the atmosphere, aud it would not be ruore in- 
con-ect to assert that it is something emitted by the 
sounding bwly than it is to affirm tbat light or beat, or 
actinism, is emitted by the sun. 

The progress of acti no-chemistry would be greatly ac- 
celerated if tliere could be steadfastly maintained a clear 
conception of the distinction between the mecdiaiiism of 
a ray and the effects to which that ray may give risei 
The evolution of heat, the sensation of light, the pi-odac- 
tion of chemical changes, are merely effects — manifesta- 
tions of the motions imparted to ponderable atoms; and 
these in tlieir turn can give rise to convei-ae results, as 
when we gradually raise the temperature of a substjince 
the oscillating nioveraents of its molecules are imparted 
to the ether, and waves of less aud less length are sac> 
cesaively engendered. 

In tlie title of this Memoir I have employed the phrase 
"distribution of heat" iu accordance with general usage; 
but if the conclusion arrived at be true, it is plain that 
this should be exchanged for " piwluctiou of heat." The 



MeuoiB XXVIU.] DISTRIBUTION OF HEAT IN THE SPECTRUM. 403 

heat observed did not pre-exist in the incident rays: it is 
the result of their extinction. 

The remark has been made that these results are e^^- 
sentially connected with photometi-}'. In fact, any ther- 
mometer is converted into a photometer if its ball or 
other receiving surface be coated with a perfectly opaque 
non-reflecting substance. 
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MEMOIR XXIX. 

ON TITE DISTRIBUTIOX OF CHEMICAL FORCE Kf THE 
8P£CTRUH. 

I ihe Ain€ric«n Jonmiil of Srictice anil Arli for Detemlter, 167S, mid JtUHMTT, 
Iti'S; I'hiluMiphicml Miig»ittio,I>ec«lul>w, 1672. 

Coxtkmtb: — W* ctirvet of the ealorijic, himintm$, and fhrmif^l tptt~ 
tra. — Thfir error: — /nupj>roprialtn*tt 0/ tA* term actinic myx, — 
Then is no locaJizalitm nf chemical effectt. — Evtrg radiatiou can pn^ 
rfwre tome tpeeific effect. — Can of the titver compoundm. — JiitNmnu 
and UMin*.— Ciirionic acid. — Colors 0/ JloKfrt,—Law of Grotthud — 
Chlorine and hydro^etL — liendinp 0/ gtetiu implants. — Aliaat^Hon t»- 
tentitil lo chetMical action, — iJecvmpiailivn of tUvtr itididr, — Union of 
chlorine aud kifdrofjen. — ylny*(r6m'« law. — General cvnclugioiu,^ 
Chemical force cxints in et'ery portion cf ike tpeetrum, — £ach radta- 
tion tjxrtitet chemicul iajtaeitcea proper to ilae^f. 

Wmi scarcely an exception, the most recent works on 
the chemical antioii of radiations and sitectrum analysis 
describe a tripartite arrangement of the 8j>ectruni, illus- 
trated by un engraving of thi-ee curves, exliibitiiig the 
siipiiosetl relations of the ailorific, tlie luminous, and the 
clieraicul spectra. This view, which by a mass of evi- 
dence may be shown to be en*oneo«s, is e.\ertiiig a ven' 
prejudicial effect on the progress of actino-cbemistry. 

1 propose now to present certain facta which may aid 
in correcting this eri-or. For this purpose it is nucessarv 
to show that clieniical elfeets— ih'conipositions nnd com- 
binations — may take place in any part of the spectmra. 
The points to be established may be thus distinctlv 
stated : 

1st. That 80 far f^om chemical influences being re- 
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strictcJ to the moi-e refiangibic rays, every part of tbe 
:jpvctruni, visible uiid invisible, cau give rise to cbeDiical 
changes, of niotliiy the molecular amiiit;eineiit i>f iKKliea. 

2d. That the lay eflective iu proUuciug clRiiiical oi* 
molecular changes in auy sj)ecial substiitiee 18 detenu iiicil 
by tbe absorptive property of that itubHtaiice. 

I may here remark that both these propwitinns were 
maintained liy iiie many years ago : an example uf the 
first will be fouud iu the I^hilomphk-al Matjazine (Dec., 
1842), and of tbe seeoud iu a paj^er iu the same journal, 
"On some Analogies between the Phenoiiieiia of the 
Chemical Ilaysand those of RaJiiint Ileal'' (Sept.,lS41), 
Memoir XVII. 

The opinion commonly held respecting the distribu- 
tion of chemical force in the spectrum is mainly founded 
on the behavior of some of tlio ciimpuunds of Hilver. 
These darken when exposed to the uiore refrangible 
rays, and, unless correct methods uf e^Eamiuatiou Ije re- 
sorted to, seem to be unaffectetl by the l»?s$ refrangible. 
Hence it lias l>een sup|>oHed that in the higher jiarts of 
the spectrum a special pnuciple pi«vails, to which the 
designation of "actinic rays" is often ajiplicd — an iimp 
propriate iteration. In thet<« pages I use tbe derivatives 
of aicrfc not in this restricted sense, but as expressive of 
radiations of every kind. This is their pi-opcr significa' 
tion. 

Every part of the spectrum, no matter what its re- 
ti-angil)ility may be, eau prothice chemicHl changes, and 
thei-efiM-e there is no special localization of force iu any 
limited n'ginn. Out of a large body of evidence that 
might be aildnccd, I select a few prominent instances. 

Irf. — Cafte of 0ie (hmpoiiudu of iSHver. 

Silver is the basis of the most im|>ortant photographic 
•ensitive substances. Ittt iodide, bi-omide, Hud chloride, 
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darkening witli rapidity under tbe influence of the more 
refrangible rays, have mainly been the cause of tlie mis- 
conception above alluded to respecting the tjijiartite con- 
stitutiou of tlie spectrum. It is ntx-e»sary% tberfitbi-e, tu 
detei-mine what are really the habitudes of these sub- 
stances, 

(1.) If a spectrum be receivetl on iodide of silver, 
formed ou the metiillic tablet of the tlagueiTeotype, aud 
carefully screened from all access of extruueous light, 
both before and during the exposure, on developing 
with mercury vnj>or nn impression is evolvetl in all the 
more refrangible regions. This stain correspouds in 
character and position to the blackening effect which 
under likt; ciruu instances would l>e found on any ooot 
nion sensitive silver ]>aper. It is this which L*u> given 
rise to tlie opinion that tlie so-cullod actinic rays exist 
only in the upper part of the spectrum. If, however, the 
action of the light be long continued, a white stain 
makes its tippearunce over all tlie less refraugible re- 
gions. It has a point of maximum to which I shall 
again presently refei'. 

(2.) But if tbe metallic tablet during its exposure to 
the speetnini be also n'n'iving diffused lis^bt of little in- 
tensity, as the light of day or of a lamp, it will be fouud 
ou developing that the impression obtained differs atrtk- 
idgly from the preceding. Eveiy ray that the prism can 
transmit, from below the extitme red to beyoii<l the ex- 
treme violet, has been active. Tbe ultra-red lines a,/3,7 
are present. It must be borne in mind that the inipre»- 
aion of these lines is a proof of proper spectriua action, 
and distinguishes it from that of diffused light, aiising 
either fioin the atniosjilunv or from the imj>erfeet trans- 
parency of the prism — a valuable indication. The result- 
ing photogr;i]>li shows two well-marked regions or i)hase9 
of action. Ou its general surface, which, linving coU' 
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densed the mei'ciiry vapor, has tbe aspect of the higli 
lights of the daguerix'otype, and fonuj*, aa it were, the 
hasis for the spectrum picture, there is in the mjion of 
the luui'e refmugible rays a bluish or olive-colored iui- 
pression, the counterpart of the ivsiilt described iu the 
fort^oiiig paragraph. But iu the i"egiou of the less re- 
frangible rays uo mercurial deposit has occurred, the 
place of those rays beiug depicted iu metallic silver, 
dark, aud answering to the shadows of the daguerreo* 
tyiK'. This protected fwrtion, which stands out iu Iwld 
relief fix)m the white luickgrouud, reaches fmm a little 
below G to beyond the exti-enie ivd, and encloses the 
heat lines above named. They are iu the form of white 
streaks Tliongh I sj>eak of them aa single lines, they 
are in reality gix)uj)*», or jwrhaps bands. 

The general appearance of the photograph at onoe 
suggests that the less refi'angible rays can arrest the ac- 
tiou of the daylight and protect the silver iodide fi-om 
change. A close examination shows that there are three 
points — the extreme red, the centre of tlie yellow,aml the 
extreme violet — which apparently can hold the daylight 
in check. Thei-e are also two intervening ones in which 
the actions conspire. Tlie {M>int (jf nuixinium protection 
corre«i|>ond8 to the point of maximum action referi'ed to 
above in paragraph (1). 

(3.) If the metallic tablet, previously to its exitusui-e 
to the spectrum, 1«* submitteil for a few moments to a 
weak liglit, so that, weiv it develojHjd, it would at this 
stage whiten all over, the action of the spectrum u|>on 
it will be the same as in the last case (2). But this 
change in the mode of the experiment leads to a very 
important conclusion. The less refrangible rays can re- 
vei-se or undo the change, in whatever it ma}' consist, 
that light has alrettJif imjiressed on the ioilide of silver. 

Now, U'aring iu mind the fact that the photographio 
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action of tlilTusetl light on this iodide ib maiuly due to 
the more refrangible rays it contain*, we are brought by 
these espenments to the follo\ring conclusions : 

IsL Every ray in the spectrum acts on silrer iodide. 

2d, The more refrangible rays apparently promote tlie 
action of daylight on that substance; the less refr.ingible 
ap])arently arj-est it 

8d. For the display of this arresting or antagonizing 
effect, it is not necessaiy that tht; less and more refran- 
gible rays shotdd be acting itmmltnuefntshf. An interval 
may elapse, and they may act succemively. Hence the 
etJcct is not dne to the contemporaneous interference of 
waves of differeut periods of vibratiou with one another 
— the material particles of the cbauging substance of 
the silver iodide arc involved. 

I abstain for the moment from giving further details 
of these spectrum impressions. That has been very 
completely done by Hei-sehel in the case of one I sent 
him many years agct. His examination of it, illustrnt<^d 
by a lithograph, may be found in the Pfitlosop/ticuZ Mtig- 
tizine iyidh., IH-tll). I shall have to return to the subject 
of the behavior of silver iodide in jiresence of radiations 
on a subsequent page of this Jlemoir. 

The main point at present established is this, tbftt tbe 
iodide under proper trLatineut is affecte<l by every ray 
that a flint-glass prism can transmit, and therefore it is 
altogf^thcr erroneous to suppose that chemical foi-oe is 
restiicted to the more refrangible portions of the spec- 
trum. 

2(/. — Case of Bitumens and lieains. 

These substances are of special interest in tbo history 
of photography, since in the hands of Niepc^ they prob- 
ably were the fii-st on which irajH-essions in the cumera 
were obtained and fixed. Their use has been abandoned 
in conseciuence, as it seems to me, of an incorrect opinion 
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of their want of senRitiveneas. Projwly us«l, tliey arc 
scarcely iaferior to cbluride of silvci*. 

Th« tbeoi-y of their use is very simple. Alcohol, ether, 
antl varinus volatile oils, res|M!<:tivt'ly tlissolre ceiiaiii por- 
tions of the3e substances. If mich a solution he Hpread 
in a thiD film upon glass, as in the coUocliou operation, 
and parts of the surface tie then exposed to light, the 
IH)rti<)ns so exjKwed become insoluble in the same men- 
struum. They may therefort^ be developed by its use. 
Practically, care has to be taken to moderate the solvent 
action and to check it at the proper time. The former 
is accomplished by dilution with some other appropriate 
lifpiiil, the hitter by the affusion of a stream uf water. 

The substauiH* I have usetl is We-st India bitumen dis- 
solved in benzine, and developed by a mixture of ben- 
zine and alcohol. 

The bitumen solution being poured on a glass plate 
in a dark room, and drained off as in the ojwration of 
collwlion, leaves a film aufliciently thin to t>e irideseeot. 
This is exposed to the 8]>ectrum for five minutes, and 
then developed. 

The beginning of the impression is below the line A, 
its termination beyond II. Ever}* ray in the spectrum 
acts. The proof is enntinnnus except ivhei'*' the Fraun- 
hofer lines fall, A lietter illustration that the ehemical 
action of the s]>ectnint is not restricted to the higher 
rays, but is possessed by all, could hardly be adduced. 

8</. — C<ise of Carbonic Acid. 

The decomposition of carbonic acid by plants under 
the infiuence of siuishine is undoubtedly the most im- 
portniit i>f all aclino-chemical facts. The existence of the 
vegetable world, and indeed it may be said the existence 
of all living beings, depends upon it. 

1 first effected this decomposition in the solar epeo* 
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tnini, as may be seen in Sleinoir X, The results obtain- 
ed by me at that time from the direct spectrum, experi* 
merit, that the dtcom position of earbuiiic acid is effected 
by tbo less, uot by the more refrangible rays, have been 
confirrneii by all recent experimentei-s, who differ only 
R8 regards the exact position of the mnximuni. In the 
discu^tons that have anseti this decern {K>sitiou has ufteu 
been incorrectly referred to the (jret^it- parts of plants. 
Plants wliicli have been caused to germinate aiul grow 
to a certain stage in darkness are etiolated. Yet these, 
when bi-ought into the sunlight, decomjKvse carbonic 
acid, and then turn green. The chlorophyl thus ]>ro- 
duced is the effect of the decomposition, not its cause. 
Facts derived from the visible absoiptive action of chlo- 
]x>j)hyl do not juxessarily apjily to the decoinpositiou of 
carbonic acid. The curve of the production of clilorojdayl, 
the curve of the destruction of chlorophyl, the curve of 
the visible absorption of chlovnpliyl, atid the curve of the 
decomposition of carljonio acid, are not all necessarily eo- 
iiicident. To confound tliem together, as is too fretjueut- 
ly done, is to be led to incorrect conclusions. 

Two different m<*tbods may be resorted to for detet' 
mining the rays which accomplish the dt'conipcisitioii of 
carbonic acid: 1st, the place of maximum evolution of 
oxygen gas in the spectrum may be determined ; 2d| 
the place in which young etiolated plants turu green. 

I resorted to both tlu'se methods, and obtaiucd fi-om 
them the same results. The rays which decompose car- 
bonic acid are the same which tuni etiolated plants 
greeu. They may be designated as tlie yellow with the 
orange on one side and a jwrtion of green on the other. 
Though the form of experimentation does not admit of a 
close ix'fereiicu to the fixed lines, I think we are almost 
Justified in supposing that the point of nnixiinum action 
19 in the yellow. It must be borne in mind that the 
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rapidly increasing conctintratiou of the rays occasionml 
by the pwuliurity of prismatic dispersioQ towards the 
red uud will give a deceptive prejtondorance in thut di* 
rection. Without eutei'iug further into this discussion, 
it is sufficient for my presf ut purjwse to understand that 
the decou)[K>sition iu ijuestioii ia accomplished by rays 
between the tixetl lines K and F. 

The two abs<3i'ptive media, potassium bichromate and 
cupi'o-auimouiuiu sulphate, so often and ho usefully cm- 
ployed in octiDo • chemical researches, corroborate this 
conclusion. Plants cannot decompose carl>onic acid, nor 
can they turn green in rays that have jMi»Hed througli a 
solution of the latter salt« They Accomplish both those 
1*680118 in rays that have passed through the former. 

The <lecomi>08ition of carbonic acid, and the produc- 
tion of chlwrophyl by the less refmngible rays of the 
spectrum, aflford thus a striking illu^ti'atioii that chem- 
ical changes may be brought about by other than the 
so-called chemical rays. 

4M. — Ca^ of the Colors of Floioen. 

The production and destruction of vegetable colors by 
the agency of light have, of course, hmg been a matter of 
common observntinn. Little has, linwever, been done in 
the special examination of the fact4, and that little fur 
the most part by IJei-schel. 

We have only to examine his Memoii' in the PhUo- 
aophical lyansitctionfi (Vart 11., 1,S42) to be satisfied that 
nearly every radiation can produce effects. Thus the 
yellow stain imparted by the Corvhurun ,faponica to pa- 
per is whitened by the green, blue, indigo, and violet 
rays. The rose-i-cil of the Tcii-wt^l-Hittock is in like man- 
ner clianged by the yellow, orange, and red. The rich 
bhie tint of the Viola odoi'nta, turned green by sodium 
carbonate, is bleached by the same group of rays; that is, 
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by those less refrangible tlian the yellow. The green 
(flilorophyl) of the Elder leaf is changed by tbe extreme 
red. 

It is nectllcsa to extend this list of examples. The 
foregoing establish the principle that every part of the 
sjiectium displays activity, some vegetable colors being 
artWted by ihih, others by other rays. It is, however, 
desirable that the general principle at which Ilerscbel ar- 
rived — viz., that the luminous rays are chiefly effective — 
should be more closely examined. Some impurtant phys- 
iological explanations turn on that principle. These so- 
called luminous rays arc such as can impress the retiua, 
which, like organic 00101*, is a carbon compound. There 
are strong reasons for inferring that carbon is afibcted 
mainly by rays tht; wavelengthH of \vliieli are hetwe^ 
thofe of the extreme !\;d and exti"eiae violet, the maxi- 
mum being in the yellow. 

It is, however, to a former experimenter, Grotthus, that 
we owe the discovery of the law under which these de- 
compositions of the colors of flowers take jdacc. This 
law in repeated iustance-s was verified by Herscbel, and 
more recently by myself. It way be thus expres3e<l; 
"The rays which are effective in the ilestruction of any 
given vfgfitnblo color are those which by their union 
produce a tint complementary to the color dt^stroyed." 
Kven the partial establi(»lmient of this law, already ao 
comjilished, i.4 suffieieiit to pmve that chemical effects 
are not limited to the more refrangible portious of the 
spectrum, but can be occ^oned by any ray. 

5M. — Cane of the Union of Chhriite nnd Ui/driMjen. 

In Memoir XVIII. may be foimd the description of 
an actinoineter inveiiteil by me, depending for its indi- 
cations on the combination of chluriue and hydrogen, 
these gases having been evolved in equal voluoies fi-um 
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hydrochloric acid by a small voltaic battery. This in- 
strument, modified to suit their puriK>8«s, was used by 
Professors Bunsen and Roscoc in their photometrical ro- 
senrches. Many of my espt'rinicnts wcru repoat«d by 
them (Trun^ctions of the Uoyal Society, 185(J, 1857). 

In Table IIL of my Memoir above ifferred to, it is 
shown that this mixture is aOectcd by every ray of tho 
spectiTim; but by ditterout ones with verj* difi'erent en- 
ergy. Tho maximum is in the iiuljgo, tlie acliuu there 
being more than 700 times as powerful as in the ex- 
treme red. 

Ot/i. — Case of the Bending of the StttM of PhntJi in Ote 

It is n matter of common obaervation that plants tend 
to grow towards the light. Or. Ganlner was, howevtT, 
the first to examine the details of Urn phenomenon iu 
the spectntm. His Munioir is iu the PkiloMoph teal Mag- 
azine (Jan., 1844). AVhtn seeds ai*e made U» gi;niiinate 
and grow for a few days in darkness, they develop verti- 
cal stfms, very slender and some inches in length. Tbeae, 
on being placed so as to receive the spectrum, soon ex- 
hibit a bending motion. The stems in other pai*ta of 
tlie s]M;etnim tnm towanls the imbgo; those in the in- 
digo iH-nd to the appi-oaching ray. Uemoved into dark- 
ness, they recover their upright position. These move- 
ments are the most striking of all aclinic phenomena. I 
have of^en witnessed them with admiration. 

Dr. Onrdtii'r's experimi-nts wew rep4'ated and con- 
firmetl by M. Dutix)chet^ who, in a report to the French 
Academy of Sciences {CompUn - Jiehdun, No. 20, June, 
1H44), addetl a number of facts res|»«tting the bending 
of roots /Vy;»i tht^ light, wliich he found to bo occasioned 
by all the colored rays of the sjwctnim. 

In Dr. Gardner's paper there are also some interesting 
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facts respecting the bleaching op decolorizntion of chlo- 
rophyl by light lie used an ethereal solution of that 
substance : 

"The first action of light is perceived in the mean red 
rays, and it attains a maxininm incomparably greater at 
that point than elsewhere. The next part affecttxl is in 
the indigo, and accompanying it ther« is an action from 
+ 10.5 Ui +JJfJ.l) tif the same scale (Hi?rseh«rs) beginning 
abruptly in Fraunhofer's blue. So striking is this nrbole 
result that some of my earlier spectra contaiued n per- 
fectly neutral space, fi-om —5.0 to +20.5, in which the 
chlorophyl was in no way changed, while the solar 
picture in the red was slmrji and of a dazzling' white. 
The maximum in the indigo was also bleached, pro- 
ducing a linear specti-um, as follows: 

in which the orange, yellow, and gn«n rays are neutral. 
These, it will be remembered, are active in forming 
chlorophyl. Upon longer exposure, the aubonlinate 
action along the yellow, etc., occun*, but not until the 
other portions are perfectly bleached. 

"In Sir J. Ilerschers experiments there reraained * 
salmon color after the discharge of the green. This is 
not seen when cfilnrnphyl is usod, and is due to a color- 
ing matter in the leaf, soluble in water, but insoluble lu 
ether." 

I have quoted these results in detail because they il* 
lustrate in a striking manner the law that vegetable cot- 
ors are dffttror/efl by rays comphmenfttry to thorn //«rt 
ha^iyrodnce<lihfm,hx\<K furnish proof that rays of every 
refrangibility may be chemically active. 

At this point I abstain from adding other instances 
showing that chemic.il changes are brouglit nliout in 
every i)art of the spectrum. The list of cases here pre^ 
sented might be indefinitely extended, if these did not 
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Ruffice. But how 19 it [Hissible to restiift the ehtniiic'iil 
force of the spectrum to the region of the more refniiigi- 
ble rays, in face of the fact that compounds of silver 
such as the iutljile, which have heretofore been mainly 
relietl upon to support that view, iiuil, iu fact, onginatyj 
it, are now prc>ve<l to be afTectCil by every ray from the 
invisible ultra-red to the iitnsible ultra-violet; how, 
when it is proved that the decomposition of carbouic 
acid,l>y far the most general and most important of the 
eheniical actions of light, is brought about not by the 
more ivfi'angible, but by the yellow raysi The delicate 
colors of flowers, which vary indefinitely in their tints, 
originate imder the influence of rays of niauy difl'ei'ent 
refi-aDgibilities, and are bleached or desti-oyed by spec- 
trum colors complementary to their own, and, thei\*fope, 
varyini:; indefinitely in their refraugibility. Towards 
the iudigo my the stems of plants incline; from the red 
their roots turn away. There is not a wave of light 
that does not leave its impress on bitumens and resins, 
some undulations promoting their oxiilation, some tlieii* 
deoxidation. These actions are not limited to decornjio- 
eition ; they extend to combinations. Every ray in the 
speclnm) brings on the union of chlorine and hydrogen. 

The conclusion to which these factJ* point is, then, 
that it is erroneous to restiiet the chemiad force of the 
spectrum to the more I'efrangible, or, indeed, to any 
special region. There is not a my, visible or invisible, 
that cannot pmduce a special cheraieni effect, Tiie dia- 
gram so generally used to illustrate the calorific, lumi* 
nous, and cheinicid parts of the 8i>cctrum serves only to 
mislead. 

While thus we find that chemical action may take 
place throughout the entii-e length of the sjK'ctrurn, the 
remarks that have been made in a previouH Mnnoir 
(XXVI.) re8i>ecting the difiureDces of calorific distribu- 
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tion in disj)cr3iou nm\ diffraction, ai>l>ly likewise to the 
chemical force. To be satisfieil of this it 18 only ziect» 
sary to coni])are photographic impressions given by a 
prism autl a grating ! 

I piihlislicd ettgiavirii^ of such photographs iu 1844. 
TUey are refentHl to iu Memoir VI. As they were ob- 
taiueil on silver jilates made sensitive by ioiliae, bix>* 
mine, and cliloriui*, tliey do not extend to tlie Hue F. 

I had found that certain practical advautaj^es arise 
fix)m the use of a reflected instead of a transmittt^ 
ppectrum. The ruled glass was tlierefore silvered ujKin 
its ruled face with tiu amalgam, cojtying the surface per- 
fectly. Of the seiies of spectra I used the first. 

The fixed lines were beautifully representeil in the 
photographs. They were, however, so numerous and w 
delicate that I did not attenijit lo do more thau to luork 
the prominent ones. These were, I believe, the J5i*st dif 
fraction photographs that had ever been obtained. The 
wave-lengths assigned wei'e according to Frauuhofer's 
scide, which r<']iit;sents parts of a Paris inch. 

The length of the photographic impression given by the 
prism I wuM then using, from the line U to the ultra-violet 
end of the siH*etruni, ^\■ns about thi*ee times that from H 
to G ; but in the spectrum by the grating, though the 
exposure was in one instance continutnl for a ^vhole bonr, 
the impression beyond II was not more than 1^ tinm 
the length of that to G. In more moderate exiM>sun*> 
the last fixed line in the photograph was about as ijir 
from II on one side as G was on the other. This, therb 
fore, showed very clearly the tUffierence of distribution in 
the diffraction and prismatic spt^ctra 
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Of the Cuemical Action of Radiations on Si:b$tances. 

Having otfere<l the foregoing evidence in support of 
the Qvst proposition consitlered in this Memou', which 
was to the effect — 

"Tlmt so tar fiom chemical influences Wing restnctetl 
to tlie more refrangible rays, every part of the spectriitu, 
visible and invisible, can give i-ise to chemical changes, 
or modify the molecvilnr aiTangenieut of bodies," 1 now 
pass to the second, which is — 

"Tliat the ray effective in producing chemical or mo- 
lecular changes in any special substance is determined 
by the absorptive property of that auliHtawce," 

This involvejt the conception of selective al>sori>tion, 
as I have formerly shown (^Phihuophtini Magazine^ Sept, 
1S41), 3[eiuoir XVII. A ray which produces a n)a.\i. 
mum effect on one Hub^tunce may have no effect on an* 
other. Thus the mys which change chlorophyl are not 
those which change stiver iodide. 

In the exaniiitation of this subject I shall select two 
well-known instances, presentinj^ the fewest elements and 
the simplest conditions. They are, 1st, the decomposition 
of silver iodide, the basis of so many pliotographio piv]Mi- 
rations; 'Jd, the i>rod\iction of hydrocliloric acid by the 
union of its two constituents, chlorine and hydroi^en — a 
mi.xture of these gases being exceedingly sensitive to 
light 

\st. — Of th« Decomposition of &'iver Iodide. 

Tliero are two forms in which the silver iodide haa 
been used for photographic pnr|tosea; 1st, when prepai"wl 
by the action of the vajMir of itHline on metallic silver, as 
in the daguenx-otype tablet: 2d, when nitrate of silver 
IB decomposed by iodide of potassium, or other metallic 
iodides. These preparations differ strikingly in their ac- 
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Riiffi(v. But liow is it possible to restnct llie cliemioal 
force of tbe spectrum to the region of tbe more refrniigi^ 
ble rays, in face of the fact that compouiiJs of silver 
sucli as tht^ iudiile, which liave hei*etofore been mainly 
rttlie<i upon to support that view, ami, iu fact, ongiuated 
it^ nro now prtivml tt» be afl^tecl by evei-y ray fi-oiii the 
invisible uUm-reJ to the invisible ultra-violet; how, 
whf'ii it is proved that the decomposition of carbonic 
acid, by far the most general and most important of the 
chemical actions of light, is brought about not by the 
more refrangible, but by the yellow rays? The delicate 
colors of flowers, which vary indefinitely in their tints, 
originate under the influence of rays of many difl'ereut 
refrangibilities, and are bleached or desti»yed by speo- 
trum colors complcmentAiy to their own, and, therefore, 
varying indefinitely in their refiangibility. Towards 
the indigo ray the stems of plants incline; from the red 
their roots turn away. There is not a wave of light 
that does not leave its impress on bitumens an<l resins, 
some iindiilations proninting their oxidatioit, some their 
deoxidatiun. The:*e actions are not limited to deeoni|)o. 
sition; they extend to combinations. Every ray in the 
sjiectrum brings on the union of chlorine and hydrogen. 

The conclusion to which these facts jwint is, then, 
that it is erronc<tU8 to restrict the chemicjd force of the 
tspectrum to the more refrangible, or, indeetl, to any 
special region. Thei-e is cot a ray, visible or invisible, 
that cannot ju-oduce a s]wci;d chemical efft^t. The dia- 
gram Ko generally used to illustrate the calorific, lumi- 
nous, and chemical parts of the spectrum sei-ves only to 
mislead. 

While thus we find that chemical action may take 
place thi-oughout the entire length of the spectrum, the 
ivmarks that liave been made in a previous Slemoir 
(XXVI.) respecting the differences of calorific distvib"- 
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tinic beliavior, the former furaishing by &r the zno»t iu* 
teresting series of facts. 

When a polished surface of silver ia exposed at com- 
mon temjieratin-es to the vapor of iodine, it speedilj 
tarnishes, a film of silver iodide fonning. This passes 
through several well-marked tints as the exposure con- 
tinues and the thickne^ts increafiea. Tfaey may be that 
enumerated iti the order of their occurrence: 1, leranu- 
yellow; 2, golden -yellow; 3, red ; 4, blue; 5, lavender; 
6, metallic; 7, deep yellow ; 8, red; 9, green. 

All these films aw sensitive. Under the influence of 
radiations they exiiibit two phases of mo^Hficatiou : 1st, 
an invisible modification, which, however, can be made 
apparent or develope<3, as Daguerrc discovered, by ear- 
|>o8uro to the vapor of niercun,', the iwlide turning white 
by the condensation of mei-cury ujwn it whei-ever it hu 
been exjxised to light, Imt i-emaiuing uuact^Hl upon in 
parts that have been in shadow; 2d, a visible moilifirfl- 
tion, which anses uuder a longer exposiii-e, the ioilid* 
passing thi-ough various shades of olive and blue, and 
eventually becoming dark gray. 

But though all the vaiiously tinted films of silver 
iodide are impressionable, they differ greatly in relative 
sensitiveness when compared with each other. Tlii« m.iy 
be very satisfactorily shown by producing on one silver 
tablet bands of all the above-named colors — an effect 
readily acci:)mpli8hed by suitably unscreenincj successive 
portions of the tablet during the process of iodiziiitr, and 
then exposing all at the samt^ time to a common radiation. 
It will be found, on develojjing with mercury vapor, that 
the V»nnds of a yellow color have been the most sensitivi?, 
those of a metallic aspect have been scarcely acted on. 
and those of other tints intermediately. It is to bo par 
ticularly remarked that the second yellow, numben-d 7 
in the above series, is equally sensitive with the first 
yellow, numbered 2. 
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Fnmi tliis it api^ftrs that the sensitiveness of tliis form 
of ioilide ilepunds not merely on its chemical constitutinn, 
but also on its o{>ticAl properties. The expI»ntition of 
thU ditferetit sensitiveness in diiferent tilm« of ioilidc he- 
ctMiieH ohvious wlien we cause a tablet pn^jmre*!, ns just 
described, with tinted bands to ivtlect the radiations fall* 
ing on it to another tablet iodized to n yellow color, and 
placed in a camera. Atler due ex]K)sure and develop*- 
ment of both with mercury*, it will be found that the im- 
age of the first tablet formetl on the second consists of 
banda of different »hadcs ofwhiteness. The yellow parta 
of the first tablet have scarcely atfected the second, but 
its metallic and blue parts ha\'e actinl very iM)\vetfiilly. 
On comparing the first plate and its image on the s*M»nd 
t<^tber, it will be perceived that the ytarts that have 
been affected on the one are less affected on the other- 
It may therefore Iw inferred that the yellow films are 
sensitive l)ec.iu.«e they absorb the incident radiation, and 
the metallic and blue ai-e insensitive because they re- 
flect it. 

The effect, in whatever it may consist, which occurs 
during the invisible modification is not durable: it grad- 
ually pai^sea away. If tablet* that have received im- 
pressions be kept for a time before developinjr, the im- 
ages upon them gradually disappear. Oa lhe*e tablets 
there is no lateral pr(»j«igation of effect, nothing answer 
ing to conduction. 

On <-\aniining the operation of a radiation continuous- 
ly applied to one of the«e een-iitive Aims it will be dis- 
covered that a certain time elajwea — that i(if a oerlaiu 
amount of the radiation ia conmimetl — before there is niiy 
perceptible effect. When that is acconipli«hwl, the rndi- 
atiou affects the film to a ib'give proportif^mal to its (pmn- 
tity» until a second stage is reached; there is then an- 
other pause, followed by the second stage, in which vis- 
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ihle modification or cht^mical decompodition sets in. The 
film begins to darken; it passes through Buccessive tints 
— brown, i-ed, olive, blue — and eventually becxjiiies dark 
gray. 

1 have described in some of the foregoing jMiragmphs 
the action of the s[>eetruru on silver iodide as |>i-t»»euted 
on the tablet of the daguerreotype, showing the differ- 
ence in the impression obtaiued: 1st, when extrntieous 
light haa been excluded; and, 2d, when it Itas been ppj- 
mitted simultaneously or previously to act. 

In the latter case, in all tliat i*egion of the spectrum 
from the more ivfranpble t-xtiviuity to soiiienbat below 
the line G, the usual darkening eftect maiiift;sted by silver 
compounds is observed ; but beyond Ihis^ and to the ex- 
treme less refrangible rays ^^itl' certain variations of in- 
tensity, the action of the extraneous and simultaneously 
acting light Is checked, and the etlect of previously act- 
ing light is destroyed. 

It hap^H-mfd that in 1842 I obtained two very fine 
spet^imt^us of the latter sjjcctra; one of these I sent to 
Sir J, Ilei-schel, the other is still in my possession. 

In the Pkihm>phic<U Mafjazifte (Feb., 1843), Ilei-schel 
gave adetailed deseiijjtiun of these spectriiin impresiiionsu 
He was disposed to refer the appearance tbey present to 
the phenomena of thin films, but at the same time point- 
ed out the difficulties in the way of that explanation. 
He also sent me three proofs he had obtained on ordi- 
nary sensitive paper, darkened by exposure to lii^bl, theo 
washed with a solution of iodide of potassium, ami placed 
in the spectrum. He desciibed them as follows : 

(1.) " Blackened papier fi-om which excess of nitrate of 
silver has not been abstractetl, under the influence of an 

iodic salt. Produced by a November sun. N.B. View 

it also transparently against the light." 

(2.) "Blackened paper under the iufiuencc of au iodic 
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salt when no excess of nitrate of aUrer exists in the 
paper." 

(3.) "Action of Bpectnim under ioilic influence when 
very Httlc nitnitc of silver ivmnina in excess iu tbe |>a- 
per. To be viewed also trmispai-ently." 

These paper pbutugraphii I still presen-e. They are as 
perfect as when first ma<]e. Tbe ditfcrent colored spaces 
of till' speotniin are inarkwl upun tht'in with pencil. The 
appearances they re8|)w:tively jn-eseut are a» follows: (I) 
is bleached by the more refrangible rays, and blackened 
deeply from the yellow to the ultra-red; ('2) is bleache<] 
from the ultra invisible red to the nltra-violet (a niaxi- 
mum occurs abruptly about the blue): (^) has the same 
upper a|)ectnim as the others, a blenched dot in the oen* 
tre of the yellow, and a tliirkeiied space on the extreme 
i*ed. The action has reached from the ultra-red to the 
ultra- violet. 

In HerscbeVs opinion, these etTectH in the less refran- 
gible region are connecte<l with the drjing of the paper. 
It is well known that pn[»er in a damp condition ih nioi-e 
sensitive than such a.s is dry. But obviou-^ly tlii:^ con- 
dition dot^s not obtain in the case of the dagueireotype 
operation, which ia essentially a dry procesf*. 

In I84ti MM. Poucanlt and Fizeiui, bavins; repeated 
the experiment originally mn<le by me, presented a com- 
munication to the French Academy of Sciences to the 
effect that when n silver ta>>let which has been sennitized 
by exposure to iodine and brnniine, and then iiiijiresswl 
by light, is espowxl to the upectrum, the clfect is greatly 
increased in all the region above the line C, and is neu* 
tralized in all that below C. They remarked the djtt- 
tiuctnej«H ivith which the atmospheric line A comes out, 
and saw the ultra spectrum heat-rays a, /?. 7 described b)* 
me some years previously. 

The interpretation given by them is^ that the more re- 
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frangible rays promote the previous action of light ; tbv 
less ueutriill»j it. The curve representing the cheiuiaU 
intensity of the ilifltiienfc niys would cross tliu axis of 
abscissas about the boundary of the i*e<l and oranpje ; be- 
low that point to the ultra-red the oi*dinates would have 
negative values; abuve it to the ultra-violet tliusu valueH 
would be positive {CompUji-Jimdiiis, No. 14, tomo xxiii.). 

Hereupon M. Ueniuertjl connnunicated to the aatue 
Academy a cnticisni ou this interpretation, the opinion 
uiaiatained by him being that while the more refi'angi- 
ble rays excite sensitive suifaces, the less refrangible, far 
from neutraliKing, continue the action so begun. To the 
former he gave tlie designation " rayons excitateui*s," to 
the latter "i-ayous contiuuateurs" {Cotnptes-IieJulus^'So. 
17, tome xxiii.). 

In 1847 M. Claudet communicated a paper to the 
Royal Society, subsetjue fitly publi8he<l \\\ the J^hilariopk- 
teal Ma'jazine (Feb., 1848), on this subject. His atten- 
tion had been drawn to it by observing that the red im- 
age of tlie sun, during a dense fog, had destroyed the 
effect previously produced ou a sensitive silver surface, 
and that this destruction could be occasicmed at pleasure 
by the use of red and yellow screens. A surfiurt* which 
has been impressed by daylight, and the impression then 
obliterated by the less refrangible rays, had recovered it« 
primitive condition. It was ictidy to be im]>re&Hed again 
by daylight, and again the resulting effect miyht be de- 
stroyed. Claudet found that this excitation and neutral- 
ization might be repeated luauy times, the chemicnl cou- 
etitution of the film remaining unchanged to the last. 

These facts seem tu be inconsistent with He)*acher8 
opinion, that positive and negative pictures may succeed 
each other by the continued action of a radiation, on the 
princii)le of Newton's rings. 

On a collodion surface such negative neutralizing or 
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revei-sing actions eaiinot be obtaineil by the Ifss refmii- 
giblo rays. Tlie sptictrum impressiun i,]«v eloped in th« 
usual manner by an iron salt presents a sudden maxi- 
mum about the line G, and continues thenee to the high- 
est liniit of the 8|iectruni. In the other direction it ex- 
tends below F. Ki*om K to the nltra-red not a trace of 
action can Iw detected. The lines a,i.i,y cannot be ob- 
tained on collodion. Thei-o is, tberefoiv, a difference be- 
twiHMi its bfhavior under exposure to light and that of 
a da^uerreotyjM tablet. 

Thti reversals that are obtained on collodion by the 
use of certain halui<l compounds are altogetht-r dift'erent 
i'nnu the reversals on iLu thin tilms of a silver tablet. 
They are produced by the mote refrangible raye. 

On exjwsing a coll(Hlion suifnce (prejwired in the usual 
manner) to daylight long enough to stain it completely, 
then wtishing oft* the free nitrate, and in sucoeddiou dip- 
ping the j)late into a weak solution of iodide of potas- 
sium, exposing it to the spectrum, washing, again dip- 
ping it into the nitrate bath, and finally developing, a re- 
veiled action is obtained. The daylight is perfectly neu- 
tralized, but not atW the manner in a daguemnitype; 
In the region about G,thc j>lace of maximum action in 
collodion, the impifssion of the light is totally removed 
by an ex]>osui'0 of five seconds. Id twelve seconds the 
protected space is much lat^r; in thirty seconds it has 
spread from F to IL It is, however, to be particuhirly 
remarked that the less refrangible rays show no action. 

The results are substanti;illy the same when, instead 
of iodide of potassium, the chloride of sodium, corrosive 
sublimate, bromide of potassium, or fluoride of ]K)tassiuni 
is used. In all these the revci-sing action is fi"om F to 
11, and has its maximum somewhere about G. That is, 
the reversing action coincides with the direct action: 
there is uo prettiction in the lower portion of the spec- 
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trum, as in tlie daguerreotype. The efl«:t ia altogether 
dae to the change of composition of the sensitive 6Un. 
Ordinarily it coutains free niti'ate; now it contains free 
iixliilf, cliloride, etc. 

The silver compounds of collodion a>>sorb the radia- 
tions falling on them which are capable of producing a 
photographic effect Yet, senpitive as it is, collocHou is 
veiy far from having its niaxiniurn sen:^itivcnc3€, bs k 
shown by tht; following exjwriiiiunt, which is of no email 
interest to pbotographei's: X took five dry collodion 
plates, pTepared by what is known as the tauuia process, 
and, having made a pile of them, caused the rays of n gas- 
flame to pass through them all at the same time. On 
developing, it was found that the first j>late was strongly 
impressed, and the secimd. which bad l)iN^n 't>ebiuil it, aj)- 
pai-eiitly quite as much. Kvcn the fifth was couHiilorubly 
stained. Fron] this it follows tliat the collodion film, as 
ordinarily used, absorlis only a fractional part of the 
rays that can affect it. Could it l>e made to alisorl* the 
whole, its sensitiveness would be correspouUiugly in- 
creased. 

BadiatioD9 that have suffered complete absorption can 
bring about no further change. Partial absorption, aris- 
ing from inadequate thickness, may leave a ray possesse<l 
of a portion of its power. There must be a correspond- 
ence between the intensity of the incident ray and the 
thickness of the absorbing meflium to produce a niaxi* 
mum effect. 

Though the silver iodide is nffecteil by radiations of 
every refrangibility, it is decomposed so that a suliiodide 
results only by those of which the wave-length is less 
than ij))00. If in presence of metallic silver, as on the 
dagiieiTeotype tablet, the iodine disengaged unites with 
the free silver beneath. The rays of high refrangibility 
occasion in it chemical decomposition ; those of less re- 
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frnnglliility, physical moflification, In the language of 
the olJer theories ofactino-cheraiatry, this eubstauce uiay 
)►€ said to exert a selective al>sorptioTi. In this it ilhis- 
trates the genera! princijile, that it (U-pemls on the nat- 
ure of the ponderable niaterinl i>resi.>uted to radiations 
which of them shall be absorbed. 

2»y, — Of th€ Union of Chhnm ami Hydrogen. 

An interesting ex|>erinu'nt, illustrating the fact that 
chlorine ga.s nbsorlm the radiations which bring about 
its c<^imbiiiatt(>n with hydrt^n, may be made by cover- 
ing a test-tulw containing aw explosive mixture of ei|nal 
volumes of those gases with a large jar filled with chlo- 
rine. Tliifi aiTangenient may be exposed in the open 
daylight without risk of exploding the mixture; but if 
the experiment be made with a covering jar contnining 
atmospheric air inittead of chlorine, the gases immediate- 
ly unite, and commonly with an explosion. 

1 placetl a mixture of equal volumes of chlorine and 
hydrogen in a vessel made of plateglaps, the edges of 
the pieces being cemented togother. This vessel was so 
nrran^fetl on a snmll porcelain trough, containing a satO- 
rateil solution of common salt, that it eould be used as n 
gas-jnr. The radiations of a lump were causeil to pass 
through it, HO iis to bii submitted to the selective nl)soi-j>. 
tiori of the mixture. They were then received ou a chlor* 
hydrogen actinoraeter. 

Successive experiments were then made: 1st, with the 
radiations of a lamp after passing through the absoi-ption 
vessel ; 2d, with the same radiations after the vessel had 
been removed. 

Two facts were now apparent: Ut, the mi.'cture of 
ehhunne and hydrogen in the absorption vessel began to 
unite under the influence of the mys of the lamp; 2d, 
the rays which had passed thmugh that mixture had lost 
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very mnch of tbeir chemical forca It was not totally 
extiDct, but the actiaometer showed that it bad under 
gone a very gi*at diminution. 

From this it tulluws that, on its passage tbrougli a 
mixture of chloriue and hydrogen, the radiation Lad suf- 
fered absorption, aud as respects the mixture uniler trial 
had b«?ome deaetinized. Simultant.t.>usly the mixhiru 
itself had been affected, its constituent gases uuiliag. 
And thus it appears that the radiation had undergone a 
change in pixniucing a vhauge in the ponderable matter. 

The following modification of this experiment shows 
the part played by the chlorine and hydrogen respective- 
ly when they are in the act of uniting: 

(a) The glass alisorption vessel above described was 
filled with atnio.s[>herie air, nud the chemical force of the 
radiation passing from the lamp thi'ough it was deter- 
niined. It was measured by the time reipiired to caufte 
the index of the actinometer to descend through one di^ 
vision. This was 12 seconds. 

(Ji) The absorption vessel was now half filled with 
chlorine, obtained from hydmchloric acid and |^>eroxide 
of manganese. The chemical force of the ray atlter jiass- 
ing through it was determined as before. It was now 
representeil by 25^ seconds. 

(c) To the chlorine an equal volume of hyilrogi«n was 
added, the aUsorption vessel being consequeatly full of 
the mixture. The radiation was now passing through a 
stratum of chlorine diluted with hydrogen, and the point 
to be determined was whether it had undergone the 
same, or a greater, or less loss than in the preceding case, 
since the chlorine was now tmiting with the bydrtigeiL 
On measuring the force, it was found to be represented 
by 19 seconds. 

(//) Lastly, the first (a) of these measnrea was re- 
peated with a view of ascertaining whether the inteu- 
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Bity of the lamp had cbangeJ. Jt gave 12 eecouds as 
lidbre. 

From these observations it may be coucluiled that the 
adititioii of hydrogen to chloriiiu <\oiis ni>t incieuatj ttts 
absorptive power, iloreover, it is obvious that the ac- 
tion of the raUiatioD is ex|»en(led priruarily on the chlo- 
rine, giving it a disposition to unite with the hydrc^u, 
and that the functions discharged by the chlorine and 
by the hydmgen respectively are altogether diHereul. 
The ray itself alsu undergoes a change; it sufiere absorp 
tion and loss of a i>art of its vin viva. 

As to tliu ray which is tbns alisorl>eiI. In IH:^*) I 
found tliut a radiation which bad pas»tml through a suln- 
tion of potnssLutu bichromate failed to accomplish the 
union of chlorine and hydmgeu; but one which had 
paai»ed through ammonia sulphate of copper could do it 
enei-getieally. This indicates that the eflV-ctive niys are 
among the more refrangible. On exjiosing these gases 
in the spectrum, the maximum at:tiou takes place in the 
indigo rays (^/■'/iHoitophical Mn^juzitu:^ Det^, 1^43), Memoir 
XVIII. 

Recently (1S71) some suggestions have been made by 
M. Budde respecting the action of light upon chlorine. 
Admitting the trorivctness of the theorem that the mole- 
cules of most elementary gases consist of two atoms, he 
conceives that the effect of light on chlorine is to tend 
to divide, or actually to divide, itH molecule into isolated 
atoms. These atoms, if the gas be kept in the dark, 
may reunite into molfculcs. 

The chlorine molecule cannot unite with hydrogen; 
the chlorine atom cau ; hence insolation brings on com* 
binntioD. But if the chlorine be unmixe<l, there will, iis 
a cousetpience of insolation, be a certniu ])roportiun of 
uncombined atoms; and from this, together with Ave- 
gadro^s theorem, is drawn the conclusion that this gas 
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through insolation increases in specific volume. More- 
over, as the reunion of the chlorine atoms pmbably 
produces heat, rays of high refrflnjoHlity will cnn*o 
chlorine to expand; but it will contract to its original 
volume when no longer under the influence of light. 

In corroboration of tbia conclusion, Budde found that 
a differential thcnnoniettT filh'd with chlorine sliowed a 
certain expansion when placed in the red or j'ellow i*aya, 
but it gave an expansion six or seven times great<.'r 
when in the violet rays. With carbonic acid and ether 
no fluch efltfct took place. 

It should not be forgotten, however, in considering 
the bearing of these experiments, that chlorine merely 
because it is yellowish-green will absorb rays of a com- 
plementary — that is, of an indigo and violet— color and 
become heated thci-eby. 

It has next to be determined whether the points of 
mnximum action — that ia, the points of maximum ab- 
8ori>tion — correspond to the rays of emission of either or 
both these gases, as they apparently ought to do under 
Angstrom's law: "A gas when luminous emJt-s rays of 
light of tlie same refraugihility as those which it lias tlie 
power to absorb." 

Of the four rays characteristic of hydrogen there is 
one the wave-length of which is 4340. It is in the in* 
digo space. 

Plucker ijives for chlorine a rav nearlv answerinf* to 
this. Its wave-length is -IHIJS, and also another, 4^^4(5, the 
latter being one of the best marked of the cldorine lini*. 

There are, therefore, rays in the indigo which are al>- 
sorbed both by hydrogen and by chlorine. The place 
of these rays in the spectrum corresponds to that in 
which the gases unite — the place of maxtmuin action for 
their mixture. 

But the absorptive action of chlorine is not limited 
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to a few isulateil lin«a. The gas removes a very large 
portion uf the spfctruin. Subsequent experiments must 
determine whether each of these lines of absorption is 
nlso u liuo of maximum fhemii'al action. 

The chlor-hj'tli-u^n Hctiiiomettn- furulsbes the means 
of ascertaining many facts !-<.'!«[ HX'tinu: the combination of 
those su))atance3 aJvantageously, since it gives accumte 
quantitative measures. 

liy referring t" my i>npers in tlie PkUot^>phk'<d Mag- 
azine (DtfC, IS4:J; July, 1844; Nov., 1845; Nov., 1857) U 
H'iU be funnd that chlorine and hydrogen do not unite 
in tiie dark at any ordinary temperature nr in any 
lengtii of time; but if e.\]H>8ed to u feeble radiation, such 
as that of a lamp, they are strouijly affected. The phe- 
nomena pn^sent two phases: 1st, for a brief period tbeiv 
is no recognizable chemical effect, a preliminary nctinizn- 
tion, or, as Professors Buusen and liowoe subi»e<iuently 
termed it, plioto-cfaemical induction, taking place (it is 
manife-stetl by an e.\[mnsion and contraction of the mixtr 
urc) ; 2d, the combiuatiun of the gases begins, it sti^adily 
iuci-eases, ami soon acquires uniformity. In obtaining 
measures by the use of these gases we must, therefore, 
wait until this pi*eliniinary actinixatiou is com)>lete<l. 
Tiiat accoru] dished, tlie hydrochloric acid arising from 
the union of the gases is absorbed so quickly that the 
moTements of the index-liquid over the graduated scale 
give ti'ust worthy imlicatiuns. 

Ah rt^arda the duration of the effect protluced on the 
gases by this preliminary actinization, 1 fouml that it 
continued sonm time — several hours {PkihtMkphiml Mog- 
rtjiWjJidy, 1H44), Memoir XIX. IVif>"--"iv Ituiiseii and 
Rowoo, however, in their Mcrimir read Im tbr^- tlic Koyal 
Society, state that it is quite transient {Tran&ictiom 
of the iloyal Society, 1B5B). 

This preliminary ac(iniz:ition conq>Ieteil, the quantity 
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of hydrochloric acid produuefl measures the quantity of 
the acting^ radiation. This I proved 1>y using a ga»> 
flame of standaitl beif^bt, and a measunnc;^ lens (page 
265) consisting of a double convex, five inches in iiiarne> 
ter, sectors of whicli could be uncovered by the rotation 
of pasteboaM sci-ccns upon its centre, the quantity of hy- 
drochloric acid produced in a giren time beicg propor- 
tional to the area of the sector uncovered. The same wn& 
also ]>rove<l by Ui^ing a standanl flame and exposing the 
gases during different periods of time. The qnntitity 
of h ydnicbloric acid produceil is projwrtional to tlie time. 

The follo^ving experiment illustrates the phenomena 
arising during the actiuization of a mixture of chlorine 
and hydrogen, and substantiates several of the fori?going 
statements, 

Tlie diverging rays of a laraj> were made parallel >>v a 
suitable combination of convex lenses. In the re.snlting 
beam a chlor> hydrogen actinometer was placed, there 
being in front of it a metallic Kcreen, so nrmngetl that it 
oould be easily remove<l or replaced, and thus permit the 
rays of the lamp to fall on the actinometer or intercept 
them. 

On removing the screen and allowing the rnya to fall 
on the ftensitive mixture in the actinometer, an expansion 
amounting to half a degree was observed. lu «>0 sec* 
onds this expansion ceased. 

The volume of the mixture now remnined «t,itionnrT, 
no apparent change going on in it. At length, after the 
close of 270 seconds, it was beginuing to conti-acfc and 
hydrochloric neid to form. 

At the end of 45 seconds more a contraction of Itnlf a 
degree had occurred: the volume of the mixture was 
therefore now the same as when the experiment began, 
this half degree of cuiitrjictiou compensating for the half 
degree of expansion. 
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The rate of contraction of the gaseous mixture — that 
i«, th« rato at which its constituents wore uiiitiug — was 
then ascertained. 

Fi-oni these observations it ap]ieare<l that when chlo- 
rine and liytlrogen unite, iindtr the influence of a radia- 
tion, there are four distinct periwig of action : 

1st. For a brief period the mixture expands. 

2d. For a much longer penod it then remains station- 
ary in volume, though still absorhiiig rays. 

3d. Contraction arising from the prodaction of hydro- 
chloric acid begins. At first it goes on slowly, then 
more and more rnjmlly. 

4tb. After that contraction is fully established, it pro- 
ceeds with nniforniity, equal f^nantitii^* of liydrochloric 
acid being pnxluced in equal times by the action of 
equal quantities of the rays. 

The jtrominent phenomena exhibited by a mixture of 
chlorine and hydi-ogen are a preliminary absorjitinn and 
a 8ul>secpient definite notion. 

It may be remarke<l, since n. similar preliminary ab- 
aorjHion occurs in the case of other sensitive sulislanees, 
that there is in practical photography an advantage, both 
as nwjwcts lime and correctntws in light and shadow, 
gained by submitting a sensitive surface to a brief ex- 
posure in n dim lights so as to ]>ass it through its pre- 
liminary stage. 

The expansion referred to as taking place during the 
first of these penmls may be ndvantagoously obsen'e*! 
when the disturbing radiation is very intense. It is well 
teeeu when a Leyden-jar is discharged lu the vicinity of 
the actinometer. Though this liglit lasta but a very 
small fraction of a st^cond, it produtres an in.>«tantaneous ex- 
pansion, followed by an instantaneous contraction. Not 
unfreipiently the gases unite with an explosion. I have 
bad several of these instruments destroyetl in that manner. 
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It might be supposed that this instnntnneous expansion 
is due to a heat disturbance arising from the absorption 
of rays that ai-e not engaged in j>roducing tlie chemical 
effect. But this intH.'rpretiition seems to be iiiconi[>ntibIe 
with the iiistantjineoiisly foUowing contraction. 'l'h»nigh 
it is admissible that heat should be iustantaneously dis- 
engaged by tlie pi*elimiuary aetinization, it is diflicult to 
conceive how it can so instantaneously disappear. 

When the radiation is withdrawn and the hy*lrochIoric 
acid absorbed, there is no after-combining. The action is 
perfectly definite. For a gtveu amount of cheuncal ao- 
tiou, an equivalent quantity of the radiation is absorbed. 

The instances I have cited in this discussion of the 
mode of action of radiations are^oue of decomposition, in 
the case of the silvur iodide; and one of e*mihination, in 
the case of hydiuehloriu acid. I might have introduced 
another — the dissociation of ferric oxalate, which I Imve 
closely studied — ^!)nt it would have made the Memoir of 
undue h^ngth. From thu facts hcifin cousidered the fol- 
lowing deductions may be drawn: 

When a radialiou impinges on a niatcnal substance, it 
imjmrts to that substance mure or \k»& of its vzm viva, and 
therefore undergoes a change itself. The substance also 
is disturbed. Its physical and chemical pivperties d( 
termiue the resulting phenomena. 

(1st.) If the substance be black and undeconipoaableT 
the ratiiatiou establishes vibrations among the molt^eules 
it encounters. *V\^e interpivt these vibrations as nuliant 
heat. The molecules of the medium do not lose the vi» 
viva tliey have iictpiired at once, Biu(« timy are of greater 
density than the ether. Each becomes a centre of agita- 
tion, and heat-radiation and conduction in all directions 
are the result The undulations thus set up ai'u com- 
mouly of longer waves; and as the movemeuta gradually 
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decline, the sboi-ter waves of the^e are the firet to be ex- 
tinguished, the longer cues the last. This, therefore, i^ 
in accordance with what I found to b<^ the case in the 
^adiinl warming of a 8olid body, in which the long waves 
pertain to a luvv teinperatui-e, the uhort ones aiising as 
the t<?inj»orature ascends (Memoir I.). 

In some cas4r9, however, instea<l of the disturbing un- 
dulation giving rise to longer wares, it produces shorter 
nues, as is shown when a jtlatimnn wire is put into a 
hydrogen 6ame, or by Tyndiill's experiments, in wliich 
iuvisitrle undulations below the i-ed give rise to the igni- 
tion of jtUtiiium. 

(2d.) If the substance be colored and undeeomposable, 
it will extinguish i-ays complenieutary to its own tint 
The temperature will rise corivsjMuidingly. 

(3d.) If the substance lie deconiposablc, those portions 
of the radiation presenttnl to it which are of a comide- 
nieutary tint will be extinguished. The force thus dis- 
appeariui» will not Vie i*x|>enilcd in twtablishing vibrations 
in the arresting particles, but in breaking down the union 
of those which have arrested them from associattnl par- 
ticles. N(> vibrations, therefore, are originatoil; uo heat 
is produced; there is no lateral conduction. 

In actinic decompositions tho effects may be oonven- 
iently divided into two phases: Ist, physical; 2d, chemi- 
cal. Tho physical phase pretwdes the chemicvil. It con- 
sists in a preliminary disturbance of the group of mol- 
ecules about to be decomposed. Up to a ceilain point 
the dislo(!atiou taking ]»lace may be ivtracefl or reduct^l, 
and things brought back to their original condition. 
But that ]K)int once gained, decomposition ensues, and 
the result is |)ermanent. 

I may perhaps illustrate this by a familiar example. 
If a sheet of paper be held before a fire, its surface ^nll 

Ee 



434 CHEMICAL FORCE IN THE SPECTBCM. (Kucoui XXIS, 

gTwliially wfirm ; fiml if the pxposure \ie not too long or 
the fii-e too hot, ou removing it the paper will gradually 
cool, recovering its former condition without any |>enDftf 
nent change. One aniltl conceive that the laws of ab- 
sorption and radiation might not only be sttiilit^d, but 
attain and again illustrated by the esjjosure and i*eaiova| 
of such a sheet. But a ceitain point of temperature or 
exixwurc gnine<l, the paper scotches — that is, undeii^oea 
clienticat change — and then there is no ivstoratioti, no re- 
covery of its original condition. Hence it may be said 
of such a sheet of paper that it exhibits two phases, io 
the first of which a retuni to the original condition is 
possible; in the second puch a ri'tuni is inipossihle, be- 
cause of the supervening of the chemical change. 

An investigation t)f the facts prtMluccd l>y a ray pre- 
sents, then, these two separate and distinct phases — the 
physical and the chemical. 

General Gondnshns. ^fl 

The facts presented in the preceding and the pi'esenP 
Memoir susrsest the followina; conclusions: 

Ist. That the concentration of heat heretoforo ol>scr\*«<l 
in the less refrangible portion of the pnsmatic *tpi*ctrum 
arises from the spt'cial action of the prism, and would not 
be perceived in a diffraction spectrum. 

2d. From the long-observed and unquestionable fact 
that there is in the prismatic K|)ectrum a gradual dimi- 
nution in the heat-mcnMires fi-om a ma.ximum htdow the 
red to a minimum in tiie violet, coupled with the &ct 
now presented by me (that the heat of the upper half of 
the spectrum is etiual to that of the lower half), it follows 
that the tnie distriV'Ution of heat thwnghout the spaces 
of the sjiectrum is equal. In consequence of the ecjtial ve- 
locity of etlwr-waves, they will, on complete extinction hr 
a receiving surface, generate «jual quantities of lieat^ no 
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matter what tbeir leugtb may be, jirovitled that their 
cxtiuctiou takes place without producing any chfoiical 
effect. 

3d. That it is incorrect to restrict to the upper portioD 
of the spectrum the pro[ierty of proilucing chemical 
changes. Such changes may ha produced hy waves of 
any refraiij^ibility. 

4 th. That every chemical effect observed in the spec 
tnitn is ill eon sapience of tlie nl>sor|>tiou of a specific 
radiution, the absorbed or aetiiig radiation being deter- 
uiinetl by the proj>erties of the substance undergoing 
change. 

5th, That the fiu'ure eo generally employed in works 
on acti no-chemistry to indicate the dii^tribution of heat, 
light, and actinism in the spectrum serves only to mii^ 
lead. The heat curve is determined by the action of the 
prism, not by the pntperties of calorific radiations; the 
actinic curve does not re]>reseiit any special [MVuMarities 
of tiie spectrum, but the habitudes of certain compounds 
of silver. 
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MEMOIU XXX. 

OV BiniNINO OLABSES AXD MIRRORS — TUETR HEATtICO AKU 

CHEMICAL EFFECTS. 

QbUmbI aad eotteued from the IMiUowiihical HMg/aiue, Majr, 1851 ; Utfptr'i 
Alonthljr Ua^Kiinc, No. 329. 

CoMTian : — C«» coacmtrnM mya product nt-tr ehrmi<vl decompontiotuf 
^Bffeett of <tmptitudr, jretjttrHcif, and d'lffctiau m/ vitiratiaa in tJu 
ftker-itavea. — Cloci Inaaifor lony etpoanret, — Dteomponlion of mattr 
bif ehloriM. — Attempt to detfmpow it liy brominf and itntiae. — l/m of 
abnorbiug tmughM,—J}rif wilver iodide not dnompOMd h^ HtthL—Ji*' 
exMHptmtionM ander tealer. — Z>ecompoiilio»s in a tpktricat eoufnrr. — 
£fttt vf extrantoug mitture: — Tkty do not malee coUodivn morr «n- 
tHivt. — Aalaffmtiialion uf radiations. — CWr ofeltctric tpark. — S^etU 
of polarittd tight. — Atlemptt to polarfu iighl by an ettttra-mafftut.^ 
Altthanieal cause of dteoinpo&itioM by liykt, 

WiiKN, many ytiiirs nj^o, I oonmienced an pxperimental 
examination of tbe chemical action of light, I entertaineil 
great expectations of ivhat might be accomplished by tbe 
use of Viuruing-glasses. It seemed reasonable to 8U|)|iu^ 
that if the direct sun-rays could occasion so many de- 
compositions, their chemical foive wonld be incomjuira* 
bly greater when their brilliancy was exalted by ft mirivr 
or a lens. Of the two, a concave metallic mirror shoiihl 
produce a more? eliamcteristic effect, since it rcttirns the 
rays as it receives them, but a special and very Impor- 
tflDt portion of them is absorbed by the selective nction 
of the lens. 

I hail not, however, at that time the meau» of ninlcins 
tljese expenments in a satisfactorj* manner, and, though 
yevy much disappointed with the result, postponed tbft 
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prosecution of thom to a more favnrnblo opportunity. 
Obtaining from time to time several isolated fact*, I was 
led, in meditating upon tben),t<> what seemed to be some 
general conclusions rcsptxrting the clieniical nctidn of ra- 
diations. Several (»f thcst) were published, in a desultory 
manner, in various periodicals ; but it was not until May, 
IHfi], that they were coUeeted in the PhilosophuHil Mag- 
iiziiif, under the title of a " MLMUoir on the Cheuiieal Ac- 
tion of Light." Of this, the following is an abstract. 

Thegeneml discussion of the problem of the chemical 
action of a ray involves the following considerations: 

1. In what manner does the ray act, and what are the 
changes it undergotisi! 

2. What in the nature of the imju'esRion made on the 
material group, the decomposition of which ensnes? 

Many facts justify the suppo»itirui that the parts of all 
material substances are in a state of incessAut vibration. 
To each particular thermometric degree there belongs a 
particular frequency of vibration. As soon as these mo- 
tions approach four huudrt^d billions iu a second, red 
light is emitted, and the temperature is near HXlO" Fahr. 
As the freipienoy int^i-eases, rays of a higher refrangihility 
are in succession evolved, and the temperature corresjwnd- 
ingly rises. On the other hand, when these oscillatory 
movements decline, the teniperalure of the body falls. 

Tliese principles lend to a ifndy explnnntion of the 
nature of the exchanges of heat and the cause of the 
eipiilibriuiu of teniperntuiv. The vibratory molecular 
motions are necessarily propag!ite<l to the ether, throut^h 
which medium they are again transferred in the particles 
of other bwlies, on which the ethereal waves impinge, as 
a vibrating string excites undulations in the air, and 
these, in their turn, can give birth to analogous motions 
iu other strings at a distance. 

There w an analogy between the relations of a hot 
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and cold body and tbose of two strings, one of which h 
emitting a luusieal sound and conipelliog the other to 
execute syuchixinous movements. Tlie ether in the one 
case and the air in the other are the media through which 
their motions pass. 

Etjuilihrium of temperature takes ]>1ace when the uol- 
ecules of the substances concerned are in synchrououa 
and equal vibration. A hot body In pi-eaeuce of a cold 
one compels the latter to hasten its rate of motion, its 
owu rate all the time declining, and thia continues autil 
both liave the same frecpioncy ; then eqiiilibriuiu of teru. 
perature results. The theory of the exchanges of heat i*, 
therefore, ouly an espreseion for the exchanges of vibra- 
tions through the etlier. 

But temperature in tliermotica is the equivalent term 
for hnlliancfj in optics. B«ith refer to eoiiipoun*! i|uali- 
ties, depending not only on frequency of vibratiou, but 
also on its amplUmle. As the degree of beat of a mass 
rises, the mass expands, the increase in its volume indi- 
cating that not only do its parts vibnite more swiftly, 
but also that their individual excursions are increased. 
It follows, thei^fore, that every mass will have a dete^ 
niinate voluine for every degree of lieat, the volnine in- 
ci-easing as the temperature rises. On this view the ex- 
planation of the expansion of Inxlies by heat is that their 
parts are not only vibrating more ijuiekly, but also that 
the individual excursions are gii-ater. 

The atoms of the chemical elements differ in weierht. 
"We therefore should not expect that the ethereal vibra 
tions would throw them into movement with ecjual facil- 
ity, but tliat some would yield more readily than others. 
Is not this ^vhat we express in chemistry by the term 
8peci6c heat ! — a body, the capacity of which is great, re- 
quiring a prolonged application of ethereal pulses before 
a consentaneous motion is reached, and lu its turn im- 
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pressing on the ether danug cooling a coirespiDndingly 
pi*o]oDged series of motiifUB. And ia not this the cauae 
of that rcmarkflbl*i relation between the atomic weigtits 
of elfineiitjiry IxmUuh hihI tlicir specific heats, diwovurod 
by Dulong and I'etit? 

Thesti cuusideratioua may lead U5t to inquii'c whether 
tlie gi'iieral caust; of the ileoonijiositiun of coiiipuiind bod- 
ied l>y nidiutioits is due to the circunisUnnce that a1I the 
atoms of wliich their molecules are composed take ou the 
vi1iratoi-y inotiuu with uue<|ual facility. Thus if a cer- 
tain com}>uuud mu]t;culti be submitted to the influence oi 
an iuti^-use radiation, si>me of its eonstitut^it pnrticle-s may 
vibrate consentaneously at once, anil othere more tai-dily. 
Under these circumstances, tlie continued existtince of 
the gnmp may Iwcome im|K>8aibIe, and decom^josition en- 
sue in the ntH%ssity of the ease. 

In entering upon the experimental anahsis of the ac- 
tion of a ray upon a decomposable body, there ai*c thn-e 
dirtVriMit [K>ints to bo considered, so far as the ray itself 
It) conceined : 1. To what extent and in what manner is 
the result affected by the intett^ittj of the ray, or by the 
amplitttde of the vibrating e-xcuraiciUHif 2. How is it af- 
fected by the frequency of the pulsatory impressiouBl 
and, 3. How by the dir^ctioti in which the vibrations 
are niadf, as involved in the idea of polarization i I 
shall now vxaiiiine these in succession. 

1. To trhift exteut and in what manner m the d^compo- 
nUion of a amipimnd Unhf ti^fcfed ty the iSTENriiTV of a 
my or the amplitudu of the vihrattiuj e.rcur8io»Mf 

If the ilifferent dt^rees of facility with which atoms 
receive the impi'ession of ethereal vibrations be the true 
caufte of decomposition by light, we should expect that 
many such changes would l>eeome possible undf r the in- 
fluence of a burning-lens which are not so in tliu direct 
rays of the sun. 
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This idea is favored l>y what we find in the cnse of heat. 
The burning-glass baa loug bad celebrity in that respect, 
and in former times was the most powerful means of 
reaching a high tempemture. 

Th« effect of the glass is due to the rapidity with 
which it can supply caloric, contrasted with the loss by 
conduction, radiation, etc Thus an object of any kind 
exposed to the suii receives heat at a certain rate ; but 
it is simultaneously experiencing a loss by conductiuu, 
radiation, and currents in the air. £x|.H>sed to the focus 
of a lens, the supply becomes, in a given time, g;reater 
than befoi-e; and the temperature rising, great effects are 
the necessary result. 

But changes brought about by light are in a different 
predicament. Hei'e conduction is entirely absent, as is 
nlsn loss by cun-ents in the air. The cumulative effe<^ta 
of a long exposure give the same action as a highly con- 
ceiitrated ifiy furnishes in a brief period of time. In this 
case, therefore, everything will depend on the absorptive 
p4iwer of tlie substance. 

When a piece of polished silver is placed in tbe focus 
of a buniing-leiis, it remains quite cold, Ix-cause of its 
bigli reflecting power; but if blackened, it melts in an 
iDStant. And so with chemical clianges, A l>o<ly which, 
like chlorine, can exert an absorptive action on the ray 
becomes modified, and induces changes; but if, like oxy- 
gen, it has not that property, it will remain iudifiercnt 
and unaflTccted by the most intense radiation. 

ConsiderinEj, however, that the calorific effects of the 
converged solar rays are so striking, we may reasonably 
inquire whether, in like manner, the cheniiaU action can 
\h'. increased. There is a very general impresHicin that 
the intense radiation of tropical climates accomplishes 
changes which cannot be iniitateil by the feebler lieht 
of higher latitudes, and perhaps decompositions may be 
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brought about by a 1ar<;e convex lens wliieli the direct 
rays of the sun are wholly iuaileqnate to produce, 

A very brilliant beam may possiVily brenk up a given 
combination, which a tar greater qimiility of bght, acting 
through a long period, might Iw inadeipiate to touch, 
Sir K. Kane states that he, with M. Dumas^ could reniovo 
two atoms of hydrogen from acetone by the action of 
chlorine in the sunshine at Vana, but in Dublin only 
one. 

In Fig. 90, a is a convex biirning-lens aupported m 
ribbed ^ame, b b; there \» at c & second lens to hasten 
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the convergence; */'/,« cir- 
cular arc for dii-ecting the 
^ lens towanlN the sun; c^, 
^ a fttand on which objects 
may be exposed to the fo- 
cal point,/. It is carried 
by a stout bar, vi ti^ attached to the tVanie. 

By this instrument I endeavored to collect a series 
of facts which might set tliia part of the question in 
its true light. The lene a was of very fine and thin 
French plate-glasH, twelve inches in diameter in the 
clear. Its giKKlness was such that on a fine day plat- 
inum might be melted in it» focus. It was ground 
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and polished far me by tlie late Mr. Fitz, whose skill 
was shown in the large and excellent telescopic objec- 
tives that he raaJe. He mounted it on a suitable su(>- 
poit ; it ie<juii-eJ, however, to l>e guided by the bund us 
the sun moved. When the college building of the Med- 
ical Dcpftitraent of tbe University of New Vork was de- 
stroyed by fire in 1865,1 had to regret the loss ut' this 
instrunieiit, with much other appamttts, and many docu- 
ments that were of unappreciable value to me. Mouuted 
AS the lens was, its use was attended with considerablr 
risk to the eyes, on account of tlie excessive brilliancy of 
the fueiiH. Screens auJ dai'k sjwetaeles were luuiid tt> be 
very unsatisfactory, and an illness wliich I coiisequently 
contracted adniouisbed me either to abandon the subject 
or pui-suH it in some other way. 

The fullowing experiments were made with a smaller 
glass, consisting of a combination of two similar leusK^s, 
their diameter being five inches and focal distance eight. 
It wits, in fact, the laigt^ lens of an ojd-fushioneil lucenial 
microscope, such as was made in London a century at^o. 
I had it fixed on a polar axis, as shown in B^ig. 9l,atKl 
by the aid of a clock it could follow the motion of the 
sun with such accuracy that, when once set in the morn- 
ing, an object might be exposed in its focus, if desirable, 
for a whole day. It had a contrivance on the frame car- 
rying the lens for supporting small crucibles, glass inat^ 
rasses (Kic;, *.i2), charcoal sujiports, etc, at the pn>per 
point, which might lie either at the focus or at any other 
distance from the lens, as the circumstances of the exper 
iment required. Among these instruments were the^ 
moineters, blackened or otherwise so arranged as to ex- 
ercise any desired selective absorption. At the outset 
of any exiterinient, the whole face of the lens could be 
covered ivith a blackened ]iasteboard eci-een, with a hole 
half an inch in diameter. Through this a suHicient 
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amount of light could be trati&iiitttt:il to enable one Ut 
arrangi* ibe vaiious details of tb» pi-oposed expeninent; 
and when even'tbiiig was ready, the aci'eon was rc- 
uiuved, and in tlie c<inceiiti*at(;d and biillinut focus tbi- 
nc'tioii went on. I found that this fiimplc coutnvauLT 
was an invulnable relief to the eyes. 

In Fig. \il,(ta is the heliostat cluck; I, it« polar axis; 
d </. a frame carrying the lens, c, and 
having ail arrangement at/" for su|>port- 
ing flasks^ crucibles, or other ajiparatus. 
This turns on a double joint at e^ ao 
that the leus may be directed to the 
sun. 

In Fig. 92, a is a small flask i*eceiving 
the converging rays, i, at their focus,/* 

The lens being five inches in di- 
ameter, and the space coveitxl by 
the solar focal image, owing to 
want of achromaticity and 8]iherical aberration, one fifth 
of an inch, the multiplying effect 
would be C25 times, if the glass weiv 
perfectly transparent, and there were 
no loss by reflection fmm its sur- 
faces. On a sunmier *lay of average 
brightness, wi^li the tberuKnuetcr at 
68" in the shade, and the bulb, not 
being blackened, at 108* in the sun. 
this lens could fuse cop|>er instantly, the bead oxidizing 
only sujx'rHcially, anil cutting ivadily after fusion. Black 
oxiilo of cop[ter in a little crucible of platinum foil molt- 
e«l into a slaty-lotiking substance at once. Wrought iron 
did n(»t melt alone; but if exposed on a chnrcoa] support 
in a glolnde of niicrocosuiic salt, previously fused by tlie 
lens, it gave a clear, round bcjid. which ivadily extended 
when beaten upon an auvU. The globule of flux turned 
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black. The specimen employed was cut from a piece of 
good iron wire; aud though it might be thought that ex- 
posure on the cliarcoal wmdd tend to turn it into cast 
iron, its subsequent complete malleability seems to dis- 
prove this. Spongy iilutinuuj did not melt alone, nor 
even if enclosed in a globule of fusi^d microcosruic salt 
We may therefore estimate tlie working power of this 
leas on a »ubstauce placed in its focus as somewhat 
above tJie point of fusion of wrought iron, ami lower 
than the point of fusion of platinum. This refers to tem- 
perature only. The power of the lens as to light must 
be cnonnnusly greater. 

Wu may now ejcamiae the chemical effects proilueeil 
by this lens. 

Two small glass matrasses, the bnlbs of which were 
alH>ut half an inch in diameter, wei-e filled with chlnrinu 
water, the one being e.vposed to the dii-ect rays of the 
sun, the other to the convt-rging rays of the leus. De- 
composition of the water occurred in both, but with far 
more activity in that placed in the focal point. The dif- 
ference was at i>iice so striking to the eye that I made no 
attempt to measure it. It is plain that the greater the 
quantity of Incident light, the moi-e rapid the decomposi- 
tion; though, after the first moment of action, the sidu- 
tions being no longer the same in constitution, the quan- 
tities of gns disengaged are no longer pi-oportional to the 
incident light. 

Thei-e is thus no difficulty in effecting rapidly the de- 
composition of wat*'r by cldonne under the influence of 
the sun, but under the same circumstances iodine and 
bromine are inadequate to pi*wluce such an effect. 

A solution of bromine in wnt^M- was prfparcd, the wa- 
ter being fii*st bnilwl to e.xju'l t\u*. air cont.-iine<l in it. It 
was placed in a half inch matrass (Fig. 9i)), and exposed 
to the focus of the lens. As the tem|ierature rose rap- 
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idly, tlie water was depressed in the bulb by the Bteam 
aud hi-uiaint! vapor which nceiipied the uppur part, tho 
Inilli bfing placed tippennosi, and the tube dipping into 
a pliial which served as a reservoir. Atlcr the i'Xi»osure 
had continued for two hours aud a half, the matraKs wjus 
reuioved from the lens aud Buffered tu cool. There re- 
mained uncondpnsed a little bubble, measuring about i Jj 
of a cubic inch; but this was probably nothing more 
than the atmospheric air which had foimd access to the 
water, for on submitting the same specimen to another 
ex|wsure fiir three hotii's, after the 2^as had Iteen decant*nl 
fi-oin it, a little bubVdev the diameter of which was esti- 
mated at one fiftieth of an inch, was all that could be 
procured. 

In Fig.93,rt is the flask containing the bromine water; 
fif a phial serving as a reservoir. It is half filletl 
with the sauie water. 

In like manner 1 endeavored to decomposd wa- 
ter by iodine, and witli the same negative resiOt, 
even when the exposure to the focal point lasted 
four horn's. Wlien ]>ro|)er care had been taken 
to remove from the sohitiou all traces of air, no 
gas was evolved. 

To reduce the heating eflect of the lens, aud allon* the 
more refranj^'ible rays alone to act, thei-e was interpoAi'd 
between the lens and iU focus a stratum of n solution of 
sulphate of cop^ter and animnuia i>nc third of an inch 
thick, included between two flat plates of glass, suitably 
arrangtHl and carried ahmg with the other \*nris by the 
movement of the clock. The cone of solar rays now 
passed through this fibs4<rbenl medium (Hg. 94). 

In Fig. !»4, IT, h is the flnsk and reservoir, but tho eon- 
verging rays jmiss through an abs4>rbent trougli, c c, 
shown in fi-ont view at dy e being the circular cell cod* 
taiuing the blue solution. 
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la the focus of blue light thus foitned there was ex- 
posed for two and a half 
hour<i (from 7J to 1 O^^ a.m^ 
June 13, 184S) an inverted 
half* inch bulb cootaining 
iodine water, with a few 
liftrtieles of iodine. Tcni- 
peratiire in the sbade, 64°; 
^ in the snn, se**. At the 
[\^ and of that time there was 
found an iusifrnificnnt Inih 
blu of ftir, (>RtimHtc<l at one 
thirtieth of an inch in <liAnieter. It could, of course, be 
nothing but atmospheric air. 

Tlie absorbing medium was now remove«l, anil the 
full rays uf the aun permitted to convei^e on thu mat- 
rass. The temjwratme of the water quickly ran np to 
the boiling-point^ and the bulb was filled with steam 
and the piuple vajwr of iodine. Eveiything sefnie*! 
favorable tor the dceomjHJsition of the wflt<?r to take 
place, if the iodine could accomplish it under so intense 
a radiation. At fii*8t I thought that the experiment had 
succeede<!, for the color of the bulb became jialer — a 
i*esnlfc thnt ought to have ensuctl if hydrindic acid 
was foruiing and oxygen being eliminated. The actiuo, 
therefore, was kept up for four hours ; but as soon as 
the sun was screimed from the lens and the bnlb lienan 
to cool, tlie water retmned and filled Jt almost entirely. 
This, theretbre, shows that under a most intense radia- 
tion iodine cannot decomyjose water. 

A similar experiment was tiie<l with bromine, and 

with the same i"esult. It failed to dcc()raj>ose water. 

Some silver chloride, carefully purified, was expos 

iu a little crucible of platinum foil (Fig. 95) 84> inclined 

that the cone of rays could come in at its moxith. The 
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absorbing trough was not used. Thongb llie sud's rays 
were not brilliant, the chlon<ie at once melted, funning a 
reildish-liMikiug liquiii. It was kept in that condition 
all <hiy. Wlu'ii cool it ]>roved to be iu the state of 
horn-silver, eneily cut by a knife. AVhen the rays fii-st 
touched it a fume wa« di8enE^ge<l, due probably to the 
escape of vai>or of water. It seems, tlierefon\ that this 
substance when perfectly dry is not decomposable by 
auidight, though so eeusitive at cunniion tempeniturea 
when moist. 

In Fig. 3;"), a is the platinnra crucible ; b, the place of the 
material exiu'rinieuteil ui»c»n, re- 
ceiving at the focus the cuuverg* 
ing rays, c. 

I must refer to the original 
Memoir for the detail of nuraer- 
ons experiment*) on niauy metal- 
lic compounds, the general re- 
sult of these being that, no mat- 
tcT how brilliant a ray may be, it cannot carry a decom- 
position farther than a feeble one acting for a corre- 
s[H)nding longer period of time could do. Compounds 
that can i*esist the force of an ortlinary ray cannot be 
l)roken down by the intense illumination ot*lhe focal 
point of a burning- lens. That instrument csiunot do 
what the voltaic pile has done — effect decompositious 
which had nev^r lM;en eftwted before. 

To ledui* the disturbing effect of heat as far as pos- 
sible, auil give every advantage to the condouitcd Kuni* 
nous focus, I received the cone of rayn eoiiiiug from the 
twelve- inch burning-lens on a glass glolw (Fig. 90) ax 
inches in diameter, filled with water. This increased 
the converging of the rajx, and brought them more 
quickly to a focus. Then through the neck of the globe 
was introduced to the focus, in a matrass, spoon, or other 
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Ruitahle Bup])urt, the Rub»tance to be experimented upon. 
The nia88 of water k«pt tbe teiujierature dou-n, and in 
some cases the hot water was removed l>y an aspirator 
and cold water iutroduced below. A spouu could be 
used when powders were employed of so grewt a specific 
gravity as aot to drift too high fiom the focus iu the 
asceiuling curreut of hot water. 

Iq Fig. UO, a a is a matrasd filled with water, through 
V y V which come in the couverging 

■■"nova's. i»ys, t: Through the neck at d 

\^\w j^ a sjH)ou,/>, may be ]»as8eddo\vn 

X \ \v\ - .^-^i^ to the focal poiut,/^ 

The result was, however^ the 
same as before. The focus of a 
buruing-lens cannot causie atiy 
"*■'*• chemical change which the un- 

converged sun-rays are iucompeteut to produce. It mere- 
ly hastens the effect. 

Ui>ou the whole, we may therefore conclude th.it it is 
not the InteiMittf of a l>t>am which detenniues its decom- 
posing power, and that we cannot produce gieater cbeni- 
ical cHbcts by the action of oonvei^ing mirrors and lenses 
than we can by the application of the simple suubeain^ 
continued for an equivalent period of time. 

In estimating the influence of light on different solo* 
tionSf wo should constantly bear iu niitul that the maxi- 
nnim effect is never produced unless complete absorption 
has taken j)lace. When the color of a stdiilion is pal 
it may require considerable thickness before comple 
absorption is accomplitithed. Thus if two ctjual tubes, 
containing equal qiiiiutities of the same solution of chlo- 
rine in water, be exposed to the rays, they will evolve 
equal quantities of oxygen gas; but if behind one of 
them a piece of looking-glass be placed, the effect is im- 
mediately ioci-eased. The rays that have passed ttirungh 
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the solution ai'e compelled to cross it again, and, if not 
alix'iuly exhnusteil, tlius to act once more. The follow- 
ing illustratiuna are exainjiles of the kinil ; 

Two small bulbs of e^^ual siiie coutaiuiu,£^ ehlorine 
water were exposed to the rays of the suu; behind on« 
of them a concave hemispherical minor was placed, air 
that the rays which had crossed the solution were ctini- 
pelled to cross it again. The amount of oxygen set fitt^ 
in this bulb was about one fourth greater than that iu 
the other. 

The same was repeatc<l, the exposure )>eing to the sky 
light instead of the suu-rnys. The quantity of oxygen 
set free in the two bulbs was as If^ to 55. 

It might be sup]>osed that ])art of thiH increased eflect 
is due to the ride of teni{>erature, from the mirror ob> 
structing radiation. To cxert a cooling action the fid- 
lowing modification was therefore tried. Iu a glass jar 
(Fig. i^7) full of quieksdver a half-inch bulb ixintaining 
chlorine water was placed in such a way that a small 
portion of its Burfnce, about one eiglith of an inch in di- 
ameter, projected above the surface of the liquid metal. 
On this part the solar focus from a burniug-glaaa was 
thrown. The rays therefore gained acot^as to the interior 
of the bulb, and wei-e thi-own abotit in all dii-eetions, 
crossing and recrossing the liquid iu every way by the 
numci'ous reflections they undttrwent — thy mercury, as it 
aj>plied itself to the outer surface <»f the glass, acting Itke 
ft spheiioal concave n»irror. nn*l, from its mass nnd high 
conducting power, efl'uctually keeping the tenqturature 
down. The quantity of oxygen emitted in a given time 
was measured. The same esiHrinient was then iv|)eated 
with tilt! bulb removeii fivm the mercurj'. After the 
clost? of the same time, on measuring the oxygen set free, 
it was fouml that the reflecting action of the mercuiy 
had nearly tiipled the effect 
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Iq Fig. 97, a a is tlie vessel fillw] with mercury ; h d, tbe 
glass flask iiuniei'seU in it, but baring 
at its upper ])iirt a small portion ud* 
cover'eil, through wliich the couvei-gtug 
rays, c, may come iu. 

The jxjwur of a ray thus depending 
oa tlio ilegi"e« of ahsuiption exertwl 
upon it, I w:is led to iuquii*e whether^ 
by admixture with othw HuitAhle sub- 
fttaiK-es in a solution undergoing de- 
composition, the effect could be increased. Chloriue wa* 
ter decomposes nmre rajjidly as its yeUuw tint is ilwpcr. 
Four ecjiial l)ulhs were therefore taken — */, ei>ntainiug 
chlorine water; ^;, the same, deepened with cbtonde of 
gold; c, clilorinu water, with comniemal bydmchloric 
acid of a yellow tint; </, chlorine water, with tincture of 
iodine. These weni all exposeil together to the sun. li 
was at once obvious that a was giving oH' most oxygen, 
and eventually it was found that b yielded a much 
mualler ({uantity, and <; and d none at all. The pi\;9euiM 
of these bodies, tlieixifore, e.\erleil n prejudicial etieet. 

A system of vibrating molecules will solicit an adja- 
cent one to execute similar motions thrtmgh the nu-diuiu 
of the interveiiiug ether. A rise of tentperaturti is tine 
to an increased rapidity or intensity of the oscillations 
of the groups of vibrating molecules, but chemical d^ 
composition is due to the dislocation of their parte. It, 
uf coui-se, by no means follows that when a compound 
molecule is undeleting entire disruption, those in the 
neighborhood should be compellml to pass into a similar 
state. For the very reason that chemical decompOMtiou 
takes place is because the gi-*>up that receive,'? the pn> 
yoking ray cannot vibnite consentaneously with it; ami 
if that group cannot assume the motion in question, how 
can it possibly transmit it to any other I 
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Any artificial coloratioD by the aililitiou of extraneous 
bodies does not increase tLe rate of Oeconiposnion, but 
retauU it Tins is pfecisely what ought to be exj)ecteJ. 
A coiiiikiiiikI liUmi has lis groiijiiiig dijstixiyed by the 
actiuu of light upon its own parts, aud is iu no manner 
concerned iu what is taking place in other atoms ai-ound. 
They thei'efui'e cannot inci-ease the effect un it; but, on 
the contrary, they may gwatly diniiuisli the action ou 
the nniss by exerting a 8|)eeia] alisurj>tiou themsi^lvea. 
Thus the chloride of gold ivtards the dect>mpo8itton of 
chlorine water, when mixed therewith, in the same man- 
ner as if it were placed in a truugli in fi*ont of the water, 
and intcreepteil the impinging buani. 

Experiments similar to the toi-egoiug were made witb 
a solution of ferric oxidate mixed with alcohol, anmmnia 
citrate of iron, tincture of turmeric, s<idie chloride, etc 
In every instance it w&s clear that the action of the light 
is strictly molecular; that it is imjiressed on the gmuji of 
atoms, and not on the mass ; and tliat when various IhxI- 
ies are conjointly exjwsed to the sun. each one untlergoe» 
its own specific change, independently of and unaffected 
by all the rest. 

These experiments, with others of a like kind, made 
many years ago. have an important l>earing on some 
i-ecently published by Professor Vogel, Captain Abney, 
Captain Waterhouse, and others on imparling increased 
si-nsitivencsH to collodion by mixing it with variously 
colored substances. I n-peated their expf'rinients as care- 
fully as I could, and should have thought that my want 
tif success was due to unskilfulness luul I not borue iu 
rniud the foregoing cousiderationa. 



2. We may next inquire, To what extent and in what 
munner in the decom posit urn of ti cvntpomtd body uffect^ai 
by tht FKEtiiKNCV of vibration of a ray? 
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From the begiuniug of optical clieiuistrj', investigatioos 
have been made for the purpose of determiuiug the ao 
tion of rays of diftorent refrnngibilities. Almost a buD- 
dre*l yeai*8 ago it hiul been 8ho\™, in special cases, that 
there is au autagoiiisiu between the opposite ends of the 
spectrum. Thus the phosphoR'Scence excited in Can- 
ton^s preparation by the viuLut end of the 8]>ectrum is ex- 
tinguished by the red. As respects coloreil conipouiids, 
Gi-otlhus fihowed that the active ray is veiy <x>!nmouly 
of the tint coniplenientury to that which it deatrnys. 

More I'ccently this branch of the subject has been ex- 
amined to a great extent, and the behavior of all kinds 
of substances in the solar spectrum miule kuuwii. The 
general result is this, that on wave-length — or, what is 
the same thing. fre<]uency of vibration, the number of 
inipuUes it can conimunicAte In a given period of time — 
depends the power of a ray to break down the anion of 
any group of atonia. A compound that may resist a 
slowly recurring motion may be uualile to nmiutaiu it- 
self when the impulses increase in frt'ijnency. 

So nnniorous and well known are the photographic 
and other changes bi*ought on by light that I need not 
occupy space with a description of them hereu I shall 
only ref«r to some cuiious instances of antagonism or in- 
teifei-ence, the details of which will be found in the orig- 
inal Memoir. Hithei*to they have been very much over- 
looked. 

Two rays may l>e so placed in rt^lation to each other 
that their motions may conspire or may antagonize; and 
as one or other of these conditions ensues, the chemical 
result will correspond. 

When iodine vapor is permitted to have access to a 
surface of pi)lished silver, the silver tarnishes the tar- 
nished film iucieasing in thickness as the exposure to 
the iodine is prolongwl. It assumes in succession colon 
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whicb undoubtedly arise from tlie interference of the in- 
ciJeiit light with the light reflected fi'om the metnl at 
the hack of the film. They are the culors of thin plates, 
like those of a soai>-bubl)le. 

Now, theie is a great difference in the action of light 
upon these ditfci-eutly colored films, though chemically 
they are the selfsame silver iodide. Some have been uo- 
acted upon; in them the effect of the incident light has 
l>een destroyed or revciised by the efteet of the light re- 
flected fnnn the back of the film. Some have been pow- 
erfully nct<»l upon ; in them the cheniiud effect is at a 
nia.\inmm — the incident and reflected rays have cod- 
Bjjireti. 

If any proof were required that these maxima and 
minima of chemical effect arise from the superposition of 
similar or contrary motions, it is found in the relative 
thickne^ts of the films which have been acted or uuactett 
upon. Those iu which there has l>een maximum action 
have thicknesses as 2:1; that showing the minimum 
actiun is H. 

If tlie daylight and simple sjiectrura rays W ix'nnitted 
to net together mi a diii;uerreot>'|)e plate, the rays of 
which the times of viliration are as 1, 3, etc., aid the day- 
light; but those of which the times of vibration are as 
4, lA, 34, etc., interfere with it and destroy its efTect. 

Iu these numbers we may discern the suggestion of 
some very important facta. 

One of the most striking instances of this positive and 
amative action I discovered in the case of the electric 
spark. Ijct there \to. placed over a dnguerrefitype plate 
(Fig. 98) two metal balls, connected respectively with 
the inside and outside of a Leydenjnr in such a wny that 
the discbarge may pass from one of the balls at abont 
half an inch distance to the sensitive plate, and from the 
sensitive plate to the other ball at about the same dis- 
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tfliicp. Oue spark is sufficient. The experiment sbould 
be made in a thirk ruutii. 

In Fig. 98, a ff, the nietal photogra))liio plate; h, /•, the 

bi-ass balls connectwl %ritb 
the Lfyden • pliial. The 
spavk passes between tbeni 
2^ and the metal plate. At 

d, e, the effect is sbown, nnil 
again more plainly in Fig. 
U9. 

On developing it will be 
found that on the point 
""■**• which ifceived the ejtark 

there is a blue-white spot about one fortieth of an iocb 
in diameter (Fig, 99). Inniiediately around this an an- 
nular space which is perfectly black, 
tlie rays of the spark having tlieiti had 
no action ; then follows a white ring;, 
and then another black one. Finally 
.iiiicceeds a whitish st-ain of an indiHtinet 
cii-cnlar form, which enii be traced by 
inclining the plate as having a diame- 
ter of about H inches. 

That part of the plate from which the spark escaped 
shows a repetitinii of the same phenomenon. 

TIow shall we account for the production of these al- 
ternate white and lilack spaces — rings of action and in* 
flctit>ii I Some pi-i-sons might at first \wt led to Ruppn<»e 
that this is only an iritei-esting form <»f Priestley's exper 
iment of "the fairy rings," formed by i-eceiving the 9h«xk 
of a battery on a polished steel sui-face^ when, bj* the ox- 
idation that endues, a film isfuimed of variable tbirknejw, 
and giving the colors of thin plates. But a little con- 
sideration will show that this is imi>ossible, and the facts 
are only to be explained on the principles of interft^rence. 
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3. In ioha4 manner m t^e <IecompovUi(*n of a compound 
itothj affteietl htf Ute cuftdition of polahizatiux of the di&- 
turlnnij rnif f 

A beam of light pas»ina' thi'outrh a circnlnr apertuw 
one inch in diameter waa itxtivt'tl on the achroinntic 
lens of a camera-oI>sciirn, and tbeu fell on a doubly r» 
fractirig prism, so ploceil as to give on the ground glam 
two ciiTiilnr imm;e» nf the npertuR^nne third of an inch 
in diameter, and overlapping each other to a small ex- 
tent Id these images the light was, of course, polarized 
at right angles i*es]>ectively. 

Wlien paper i-endered sensitive V)y being washed with 
ferric oxalate was placed so as to receive thera — the 
light permitted to b^X nine minutes, and its effect devel- 
ope<l by chloride of gold — the images (Fig. 100) were 
found of equal hlackue9s,and the lenticular space fonne<l 
by their overlapping of greater depth. Thin was i-ejwat- 
ed with several different photographic compounds, and 
always with the same results It shows that plane polar- 
ized tight actA preci<iely like common light, aud with a 
rapidity proportit>nal to its intensity. 

In Fig. 100, a, ^, the disks of plane ]>olariied light, po- 
Inrlufl at right augles to each other; 
at «•, the place of nverlapjtirig. 

Wiiile thus attempting to detect a "I 
difiVrence in the decomposing action 
of common and polarised lights I made 
some iiupiiries as to the possibility of polarising light by 
a magnet. 

A great many experiments have been made at differ- 
ent times fur the puifHise of producing disturbance on a 
ray of liglit by magneta Thei-e are two methods which 
may be resorted to. The one hitherto followed lias been 
to intei-cept the ray in its wh/W. and submit it to mag- 
netic action ; but the principle on which my attempts 
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liave been foimdetl is to nttnck it at its origin^ aud at- 
tempt to produce an impression on the shining body. 
These metlimla are es^nitially distiuct. To boiTOW an 
illustratiou fi-om acoiisticH, it is one thing to try to 
modify a sound on its passage throngh the nir, and a 
very different tbing to exert an influence on the soand- 
ing body. 

When Bancalari^s experiment on the influence of the 
|-H»le« of a powerful magnet on a flame was firet publUfa- 
ed, 1 repeated it at once, expecting that the o9citlation<i 
of the shining particles were constrained to take place in 
one plane by the niagnetisni, and that the light emitted 
would be polarized. The i-esnlt, however, did not seem 
to prove this. 

A situilar experiment was then made with the electric 
spark from the prime conductor of a machine. It was 
enmpelletl to oi*osa between the poles of a powerful elec* 
tro-nm^net. But when the mn^ietism was on it did not 
Reem that the light was polarized. 

De la Kive Ima shown that the voltaic ai*c between 
('liaixs)al [Kiints is givatly disturbed when it pasKt^ W 
tween the poles of a powori'ul electro-raagnet. In the 
hojie that this would produce the exp<H'ted disturlmnce, 
I examined an aix* formed between ]>oints of copper, plat- 
inum, and gas carbon ; but though the sounds emitted 
were strong, resembling the sudden tearing of n piece of 
doth, I could not perceive that the light was polarized. 

In like manner the induction spark from a contAC^ 
breaker and the phosphorescent liglit from fluor-spar were 
tried without success. I still think, however, that vnXh 
better means than those thus employed the experiment 
would succeed. 



At the commencement of this Memoir it was stated 
that wo should consider, 1st, the manner in which a my 
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of light acts in bringing about decomposition, and the 
changes it nndei-goes; 2d, the nature of the impression 
made on the material group, the decom|>osition of which 
ensues. The «hservations I ju-oposetl offVriiig in relatiiui 
to the former of these points being completed, 1 may pass 
to some remarks respecting the latter. 

An examination of many onses of the decomjxisition 
of hoilies hy light hns led me to the concliiRiiHi that its 
cause is to be attriliuted to the inaliility of the group of 
molecules nftected to withstand the periodic impulses 
comunuiicated to theiu. Of those molecules some, i^er- 
hnp*!, t«ke on a vibrntoiy innli<in more readily than the 
others, and the continuance of a given group becoming 
imiwssible, a rean*angement ensues. 

But in other cases the mechaiiiHm of deconipositiou is 
imdoubtetUy ditTerent: a change is impres-tetl on one of 
the elements acted upon, which weakens its alKnity for 
the othei-s. Thus, under the influence of the sunshine, 
j^lants can decompose many bodies, such as carbonic, sul- 
phui-ic, and phosjilioric ncitU, 

Tlie natuix^ of tluwe changefi may be best illustrated by 
tracing the complete course through which any one of 
these substances passes. The chief facts may be seen in 
tlie case of plinsfihornK. This substance, when fi-eshly 
made, commonly exhibits a Avhite waxy ap]"»eftvance, hut 
when exposed to the sunshine, it turns to a deep mahr^- 
any-red. If tlie exposure has been long continued, or the 
effect hastened by the netion of a burning-lens, the <hnnge 
nf a'*p'ct is very striking. It is analogous to that which 
Hulphur exhibits when heated to 4(H)' or 50t)\ I have a 
specimen which has heen kept for many yenrs in au nt- 
mos]>|iere of dry carbonic arid ; the sides of the veswl 
are inernste<l with crystals, w hieh have slowly Hubliined, 
and which in color resemble the fcirid cyanide of po- 
tassium. 
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The chemical propei-tiea of these two varieties of pbo»> 
phonis are very diH'ei'ent; iinleed, there is wairculy a 
point in which they may not be said to he unlike. The 
common kind shines in the dark ; the red does not ITie 
cotuii)t)ti i» soluble in a variety of ntenstrua, which rlo not 
RCt on the other: tbu8 one of the methods of pi-cpanng 
ird phosphorus is to expose a sohitiori of tlie common in 
sulphuric ether to light — a red pow<ler, the substance in 
question, precipitates. Coinjmred together, the one di* 
plays a range of affinity' whicli the other does not ; nor do 
these properties seeui to leave them when they ni-e unitH 
with other bodies. Thus the active or white phosphorus, 
when united with hydi-ogen, yields a gas which is spon* 
taneously coniVmstible in the air; the red or pni*sive vat 
riety yields a hydrogen compound of the same constitu- 
tion, but devoid of the property of spontaneous coiubus* 
tibility. 

It should be undei*stood that though other agents — as 
a high temperature — can impr-ess this remarkable change 
upon phosphorus, none can do it with more energy or 
more completely than the solar rays;. T found by expos* 
ing a surface of white or active phosphorus to the pris- 
matic S}>ectrum that it is the more retVani.'ible j^ys that 
are the most efftwtive. Thu^* the rays most efficient in set- 
ting oxygen fi-ee from the bodies with which it is united 
have also the quality of impressing such a change on 
those bodies that they oxidize subsequently ^vith diffi- 
culty. It follows that the true cause of such decomjio- 
sitions is the impi'ession whicli the light makes on the 
elementiry substance. Thus if phosphoric acid be de* 
composed by the solar rays, the deconijiosition is owing 
to the pho«]>horus being thrown into the re«l or passive 
state — a state in which it=* affinity for oxygen has almost 
entirely disappeared. 

These considerations enable us to explain what takes 
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place in tbe econnray of plants. Tlie water of the soil U 
ahvays chai'geil with carbonic acid, which connuunicates 
to it the qwality of dissolving bonc-enith. The solution 
pas-sing thi-ough the spongioles goes to tbe leaves as as- 
cending sap. Here it is exposed to light, the effect of 
which is, aided by the cell-growth there taking place, to 
Bvt the phosphoric acid free, and turn \tA phosphorus into 
the passive stnte. Its continued union vvith oxygen as 
an acid coniponnd thus becomes iin|>oK8ible, and it is 
now associateil with the proteine and oily bodies fonn- 
ing in the plant. Nor does it ^niu unite with o.xygen 
initil it h.^^i pas^e<t into the systi'Uis of nnituals as a con- 
stituent of their nervous ami muscular tissues. At the 
moruent of activity of these, an*! especially of tbe foi-mer, 
it is oxidizeil, the change being apparently an imuuHliate 
consequenctf of that activity, and, reverting to the acid 
state, it i** finally ilisniisse*! from the system uuder the 
form of |>hospliate of si>da and ammonia. 

In the same manner might be explained the decompo- 
sition of carbonic acid by plants in the sunshine; for i*ar- 
bon, like phosphorus, and, indeed, like all other elenien- 
tarj' bodies, has its active and passive states, as is exem- 
plified in the contrast l>etween diamond and lampblack. 
The sunlight enables the leaves of plnnt.s to bring tbe 
carbon into the inactive state, and decomposition en^nes 
as a secondary result The carbon compounds arising 
form the food of vniious animals; nor does this element 
recover its active state until it has given rise to the pnw- 
esses of litV, when it suddenly unites with oxygen brought 
hy the arterial blooil, and the compounds it then forms 
are dismissed fmni the system by the lungs and kidneys 
conjointly. It miffht seem that the mechanism of tlecom* 
jKisition by vibratory movement is essentially different 
from that by these allotropic changes, but a more detail* 
ed examination will show that this is not necessarilr M). 
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In this Memoir I bave endeavored to examine how 
far tlie decomposing action of a radiation is dependent 
on tlie amplitude, tlie freipiency, or the dli-ectiou of \u 
vilirationii. The result arrived at la that deci>nipositioiis 
are not determined by amplitude — that is, bnlliancy — 
eince a faiut light continued long enough can produce 
preeijioly the same effect as the more oouceutratecj ray of 
a tiurning-lens applied for n shorter time. Nor does the 
direction of motion, as involved in the idea of polariza- 
tion, whetlier plane oi- circular, exert any effect, but it is 
the frequency of the peiiodic impulses that is the sole 
determining cause. And the phenomena of interference 
from the superposition of such small uiotioua occur ex- 
actly as might have been predicted. 

The immediate canse assigned for such decomposition? 
is that a ray foi-cing the material particles on which it 
falls into a state of rapid vihrntion, it conies to pass iq 
many compound molecules that their constituent atoms 
can no longer exist ti»getlier as the same gixiuiJ, 1>ecause 
of the impossil)ility of their being animated by consenta* 
neous or conspiring motions, and dislocation, reaiTauge- 
ment, or decomposition is the I'esult. 

In this Memoir I have spoken of heat and light as 
though they were distinct ai^encies, and cousidereti such 
facts as conductibillty, etc, displayed by the one and not 
by the other. But if we recall what has been said in 
preceding Memoirs to the effect that these are only modes 
of motion, and that tlie difference of the effects they dis- 
play turns on the character of the receiving surface or 
substance, there will be no difficulty in translating this 
commoner language into terras that are more exact, and 
in presenting the pheiioniemi in question under n more 
rigidly scientific point of view. Familiar expressions 
very fi-erjuently convey to the mind clearer ideas than 
otbei's which, perhaps, may be more strictly correct. 
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"Tti l7flO,Contil Riiniford pwftcntcd to tb* Royd Society of Lon<Jnn 
£1000, itiu inu-n-sl uf wbicb wm to be K|i<.-nt in ■triking iwu timlul*, 
l<ut)i ill tbu Muiic die, onv of ifultl and on*] of silver, of the tnIuc uf tlic 
ii]tcrv»t of the donutioti fur two ycNr«, nnd li> tw ([ivrn bu-niiiMlly for llio 
most important diiwovory ur improvciuL'nt rtliting' to liglit iitid Itnal lliat 
lifld lit'nii iiijutc duririif ttic- |irvc-cditi&! two yvnr* in any jMirt <>f Kiiroftc." 

At tliu luirnu tiiiK* Ctunil Kmufonl inaiUi "• i.-r>m'«pi>ndin^ doimtion 
to the Ani«rican Acndetny of Arte Rod ScieocD of {idOOO, tliv intoirA of 
wliicli wa» to In* i)M-<l in like inwitivr m n-Ki>ril* Aiiitrriaui diMMvciKii. 
[t niM pr<mdi-il thnt if Uiia li>nii puiowd without niiy diM-uvery or itit- 
provometit twin;; mAtle tlml ishimlil In* d«*nii>il wurlliy of iho itwiint the 
accruing intvrest whh to be iiddvd to the pr)D<!i|>al, and thp Hiii>ii)fntc(l 
iiicoiiiti ihuH arising wu to bo aJilod to the medal* when the nt^xt award 
wr*.^ riiado." 

The Uuyal Sociuty accepted tlie trust, aad uiadv tlic fir^t award to 
Runiford hinitelf in 180tf; in IH04, to U»lie: in IKIHI, to Munlvok; 
in IHIO, to Mnlns; in 1814, to Weltfi; in 18ltt, to tiavy; m IHIH.tO 
BroWRltT ; in \»Si. to Fre*pi-I ; in 1834, to Mrlloui ; in 1B38. to Forbea; 
iu 1S40.N> IMot; in \1i4'£,ln F<>x-Talhot; in lH4<},|o Famday ! in IH4ft, 
toR«Knw>lt; in lKfiO,i<t Aniifo; in ISftS, tuSlnkpft; in )K&4.t<i Arnott; 
iu 1850. to ru»U-ur; in 1848, to Jamin; in 1800, to OerkMaxirvIt ; In 
1863. to ICirrhholT; in 1864, t« Tyndall ; in 1800. to Kucan; iu 1806, 
to Italfitiir Mii^wurt, ct«'. 

llutiu awanla cov^n-d the nuMt important tliaeovfrim that had been 
made in relation to beat nnd Hcht — ilio ppMlurtion of hviil by friction, 
tbi* tfum-iatioD of fdrci-o, lb<? L-lTLi.'t» uf surfacrs oti riMliution, tlte tH>lan- 
Mitii>n of hv:ht, \lw theory of thn fonnattun of de«, the tmnsvcrw ri- 
bralionn of liffht, tlir n[>|iliratit)n of the thcrninpilc to the Mudv of radi- 
ant boat, the refraetion of dark rays, the inwDtiun of [ibotof^^pby, the 
discoviTv of fliior^Kcriiire. the Hki.^ line« of tliv K|Hf!truin, ibe dintributioa 
of hpBl in ihi- *|wi:lnim, llit? vt-Iocity of ligbl, vtc. 

The AmoricaH Academy permitted aevcnil yoan to paw witlmut mak- 
ing any awanl. Meantime the fund bad ao gnrattjr incrcaavd tlul tbo 



Acadeiiiy^ had to applv to the Leu^^latnrc for authority to ilcput fiT>ni 
the- Hlrict letter of the pixlownioni, Aitil line llii* fiimU with more Areetloin 
in tlm inl«re»t of adrnncing linowledi^e. In IS39, tlie Ai^wlomr gBro 
from tbe intcrcflt of the fund the sum of $600 to lliire for tiic invention 
of the oxyhrdro^ren blowjtijii! and iniproveiu<?iitA in gaU-anic ajipanitiu^ 
Id \M2. it awarded the meihU to KriesBon for hU ealoric enj^oe; io 
1865, to Trcadwdl for improvements in the managomeDt of heat ; \o 
1867, to Alvan Clark for iinprovcniL-nt* in the ieatm of refrfti^ttu);; tcK*- 
SRopes; in lfl(70, tt)(*orlim for iinprDvcinvntHin st^'ain-cnffinus. Tbe fund 
had now reached $4^,000. It will Iw seen thai the Amviican awiirdt ^ 
had be«n inainly for ineentiona ; the Englisli fur di»coeeria. 



At the MS hundred and uii;hty-ninth mrotin^ of the Ammc«n Arad- 
cmy, held March t), 1B76, the chairman of the Kninford cunnnittu; io- 

trodaced the special husincsa of the cvcnina;, and handed to the prc^- 
dunt, iluu. Cliurlca Kranuis AdamA, the Huniford niL-dals (in >cidd and 
■ilver), on each of which had heco I'lijfraved the folhiwinu inftcriptioa: 
" Awarded hy the Amcrinin Aciwleiny of Art* and Science lt> John 
Williuru Draper for his KeKi^an-hc-ii in Radiant Energy, May 25, 1875.'* 

In pruM?nlin-; thi.' medaU, the pri-'oid*.-nt Quve a brief hiatory of tb« 
fund, and aniiounceil that, " aflci' a can-fnl review of the ocrviccs nf I^v 
feasor Draper in ihU grcni Held of iniftiiry, the committoe having ibu 
Bubjecl in their charjju havv, fur rea*oD» jjiven by them, roconinivmled 
tlircitifh thi'ir ehairmaR that the mednla preitcrihed in the deed of trust 
ehoujd be presented to him, as linving fully deserved tfarm." 

The president tht>n rocapitulated some of thc«« rcasona: 

"In 1840. Dr. Draper indo[iondentJy dt««ovcreil the peculiar pheoom- 
caa commonly known as Mosvr's imauvs, which anifoniied when n medal 
or euin is placed upon a poli»hfJ mirfaoe of glass or metal. The«e im- 
ages n.-mHio, tt» it were. Intent, tinlil a vapor ia allowed to condense npon 
thu Hurface, when thu imogu i^ develuped and hccotues visjhle. 

" At a later ix^rioJ iw devised the method of m«a«irin^ the intcmity 
of the chemical nction of liirht, afti-pward* pcrfwtt'd and cmp!o\e»J by 
Buwwn and Ku8coo iu their elabomu- inve«ttgatioDS. Thiit mvLhud con- 
slsta in expo)iii)j( to tho aourco of li^ht a mixturo of oqaal \olnmv» of 
chlorine and hydrogen gases. Comhination taikos place more or Ins* 
rapidly, and the iiitcneily of the ctiemiL'al action of the light is n}ea«an>d 
by the dimirititi<»n in vuliimc. Xo other known method compare* with 
tliia in accuracy, and laoal valuable ri^ulta hare been obtained by its 
use. 

" In 8D elnV>nit'« inrestigatinn, puhli^ed in Id47, Dr. Draper 
luhed cxpenmcutolly the following important facta: 
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** 1. AH M>li<1 iinti«UTicv«, »nd probalily liijuiftis twromc inCjUtdMMlit nl 
Xhv annw u-tupcnuiin-. 

"2. 11ie llif-mitftnctric point nt which suboUaoM beootnc ivd-hot » 
«[«.iit 977" Fnhr. 

" '3. Tha K[MVtruiu ot nn ttn^AiMtt^MrvDl foUil U contiouuiu ; H ooDUini 
Drithor hri^ht uor ilflrL fitO)| llni'A. 

"4. Knim common Umponitarvs nearly ap to 077^ ¥»hT^ tlio mys 
fniittod bv ft Aolid An< inkiMblu. At ilmt U}iii|>(''r)ittir^- thii'V hiv rod, uhI 
Uic h<st of llin inramlrKiD^ Ixxly Ix-inji; nuiJc runiinuuu<ilv tu iiKirraM-, 
■ithvr mys nre vlilvd, inrrfnaing in rvfmngiliility u Ui« tciii^ivmtarr 
riw«. 

"S. 'While thn NtlditioD of rnTA, m moch thr mnrn rffniii:it>l« v the 
lt'm|irnituni in hiphrr. is ukitii; pliu'r, thi-n* is an ini!n-n.>^ in ihr in- 
Ifiinily of ihoM iilniiUy pst»titi^. ThirlL'-pii yf«rs afUTwjinIs Kirnhhofl 
liflhtishi^ hiA cvlcbratrd memoir nn thi* rclulinttft Mwivti the fnt-tR- 
cicolM uf L-iniaiuou and nbwrjition of ItodifA fur ii(;hl und huiii, in wlii<-ii 
he OtUUishcd luathi'itiatically Uk mHiv fwt^ lUid MiitiutinctHl Uk-iu on 
nrw. 

"6. Pt. DrnptT cUimK. nnJ wc bflicvc with jmticp. 1o hive bwn the 
ArM lo np{ily the d;)i;ijt.Trci>(\)ii' |in:>cox» to Ukinj; [M>rtnut». 

" ". Tlr. I>rnprr n|>|ili<^ ralwl pba«c:ii und sprridn tw |m"liiir« NjHTm 
fttr tho Mudy of thr rhi-micHl vctiun uf lijiht. The finpliiytnrtii of 
mlrfl tnclallic ^|k>ciiI)i fnr thi« purpoae caahlvd him t'> avoid tJtv al>- 
MtrUnl itrtioii of f^nm Mtir] olhvr tmn«)iitn-i)t nx'ilin, «■ wi-)) m to i»- 
lahluh tlw jioiiiu i>f maiiintiiii ntid inirntiinin iiiu-tinity nitii rviitpnet Ut 
[H>rtioDfl uf the spoctnim dvtimvl by Uicir wavf^lvngtlw. lie obtaioMl 
nliki the wlvnnlnifc of employing a nonnal Apcctmm in pla<<« of one 
whi<*h i« AbuunuHlly rondirtistKl at one end and fipaiidn) at iho otfarr. 

"8. \\'v iiwp In him VhIiimIiIi' .inil oriifiiinl r>**r»rchu« i>b thr nKtitn' of 
the myn alMoHiri] !» tin- ^u«th of jilaiitA In tiiiili};hL Thi-ar Tt-<M-an'hra> 
prove that tlif maximniD flctinn ia prmliitrd hy thn ycUnw T»y«, find tbqr 
luivc Ivrn fiilly con R nurd l>y iiior* iwviit irvi m. 

"f). \Vi' ourr- to him, further, Mi flnlxiratt - i. of ihe ehfrtillca) 

iwli.in of liffht. supported in n pwat mraMin* by bi« own ('i)>rrimratH, 
nnd pn^vini; ouncbiMVvty. »nd, iis wo )>vli«vi>, for t)h> Bret tini<-, thai myn 
of all war4-4on)>lh* flrv> <rapabli> of producing chmnifal olianttt!-!, and thnl 
liMi liltlp accontit biut hithurto been takes of tlia natura nf the lobstancv 
in whii'h tho dccoropmitioa ii prudoocd. 

"10. Finally, Pr. Dnipor W rcMntly pnbllah<d r(iw«n*li«*« on iIm di«- 
trihtition of hrat in itu- apiMMnim. «hi(.-h are uf thv hlffliMt iutcnrnt. and 
uhicii luivu lurtfvly contribuUii to the advaacotpcnt of our knowkolj^v 
of tlir rabjcct of nwliant cnvrgjr. 

Go 
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"And now, in the nWence of Dr. Dmper, unxblo nt thiA inclemenl 
sca.«ou to vxcuuto a fntiKuing journey, it give& me |>le«Mirc to reco^ixc 
yoit, Mr. (juiucy, » liia wonjiy and competent roprvitenintive. 

'VI pray you, in receiving llie^f two medals on his bolinlf, in iKCordiinec 
with tbe icnui of the original tru»t, to w^ure him. on thv part tjf the 
Ai.-iuiciiiy, uf llii- hi};h satinl'.-ii.'tiii)i taki'n by All itft tVlluwx in iioiii|; 
honor to those who, like him, lake a prominent nink in tlic adrmncc ot 
•Tionoo throu;;hi)iit lite world." 

Mr. <iiiiiii'y, un receiving the medals «aid : 

"MiLl'HB.'iiDKST, — In thf.' mime and on llic hebalf of Dr. Drnper, T 
havi; the honor to receive the JCmiifurd meduU in gold and sthcr which 
ihe Acadt-my ban been pleased to award to him. and I wili have tlieiu safe- 
ly conveyed to liiin Ui-niorrnw, U/grther wilh the a»*urjinccs "f the ut 
Ufaction of the Aciulimiy iti this uilioii whi^ih you wish me |o cor 
uiunieato to him. In common nitb your»elf. »ir, and all the Kellow» 
piTwiit, I n-gret that thaf, emiiiail jwrxni ia unable to attend tJit» inw-*- 
ing and receive the medals himself. And. personally, I regret the sh- 
»ence of Dr. Wi^Ieott Gibl>s who bad promised to perform ihi-* gniii;- 
ful ftcr^'ice for hiA fi'iend, and who would have been n))lv to mnke !l niorv 
nuitahlo reply to the able dit«counw with which you have arcompnuicd the 
pre.«entation of the medals, and to have done more justice to the elaiiUH 
of Dr. )Jrv«|M!r tii Uiix di--lin('tioii, ttuiii I can pretend to do. l>r. (.rililM 
ha^ ing also In'en nnavnidably prevented from being pn'*fui tbift ovening. 
1 have now the honor to read a commit nicatiou fnira Dr. Draper to the 
Academy, tn acknowledgment of Ihi^ teftimony to hisscrvicvs toscieiiee." 

Mr, Ciiiincy lh*-n r<'a»i ihi^ follitwing letter: 

"To Ti!K .\HEKieAK AeAUBMT OF Ahts akd SciBKCss: Ynor favor 
able appreciation of my resrairche* on mdiatious, expressed l<Mh»y bv the 
award of Th» ItumfonI medals — the biglietit tcfttimonlal of M)iprul>ntioa 
that Amerifan .^cienw lias to he&tow on tbose who have d(n-ot>-<.i them.- 
ftulves to the enlargement of knowledge — is to me a most acceptalfje n- 
tum for the attention t Ka%-e given to riuit onbjiwt through a iivriod of 
more than forty years and I deeply regn-t that through ill-health I am 
unable to receive it in person. 

"Sir David BrcwMer, to uhom science is under w many oMigiUioDi 
for the dtBtwvcrteti he made, once said lo me that the ftobir Kp>>ctrum u a 
world in itiwif, »nd that the studv of it will never be completed. lli<> 
remark i« perfectly jnst. 

"ihit the 8|)ertrnm is only a single manifestation of that infinite clhrr 
which makes known to us the presence of ihir univerw, and in which 
whatever exi«t» — if I may be permilitid to nay ao — Uvcs and mores uid 
tuia its being. 
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" What object, then, can be offered to ua more worthy of contenipla- 
tion than the attributes of this iutcmiedium between oureelvL-s and tlie 
outer world i 

" Its existence, the mode*) of motion throagh it, its transverM* vibra- 
tions, their creation of the ideas of light and colors in the mind, the in- 
terferences of its wavcH, polarization, the conception of radiations and 
their physical and chemical effects — these have occupied the thoughts of 
men of the highest order. The observational powers of science have 
been greatly extended through the consequent invention of those grand 
instruments, the telescope, the microscope, the spectronieter. Tlirough 
these we ha%'e obtained more majestic views of the nature of the uni- 
verse. Through these we arc able to contemplate tlie structure and 
genesis of other systems of worlds, and are gathering information as to 
the chemical constitution and history of the stars. 

"In this noble advancement of science yon, through some of your 
members, liave taken no inconspicuous [>art. It adds impressively to 
the honor you have this day conferred on me that your action is the 
deliberate determination i>f competent, severe, impartial judges. I can- 
not adequately express my feelings of gratitude in such a presence, puU- 
licly pronouncing its approval on what I have done. 
" I am, gentlemen, very truly yours, 

"John W. Drapkb." 

Tlie investigations and memoirs referred to by the committee of the 
Academy are contained in this volume. 
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FTRHT rENTt'RY OP THK UKlUitMr. A Rntew of Anmfcan 
f men*- S^o* ^^lot'i. tA uo ; siiTCji, tr, M ; U«ir Moroeoo. #7 SI. 

InlrnilncUcNI I I. CnliDlal Pmcrrai. It- .Tiinrc— It. MM-hiritfil 

riiWilM Br K)-<a t«i< II. KxKii'T.- I' lit >l4»iiri>i;|[>rr. lit ilia 

B«n. D«*n.A.W«L..-IV. A«.1r'jlH;i , [ ... . Uy Pinfc"-" w , , , . . ^ 
IL HitKwi& ~V. TIm' IVri'ii.piDciiL !)(•■«( MiMiial HMoamt. i 
T. Sir»»it llr*T.— VI. (.'oanntxii'lal llvraUipmaBL Uj HfcWAti 

■-Vll. UojwIi 4tid t)iMrll)iiii'>n of lS>p«Uitn<i. Bf Um llaik. i ^ 

WtKiriL— VIIL MiiBcur; Drirloiiiuviii. tl; PmhMor Viujas «•. Hfa- 
<!>■. -IS. TlM> KiiixriMimi .'f tl.c I bJ.xi. «lth iia i*nMrMkw>k 11* 'I' l>. 
W.>ni>ii|.ll.U., LLU.-1L K<l»c«li.innl r'Tngn'M. K' y.r.:w^, I .- 

- XL Kfl^itlic PnisriMi I. Tit* KxMt ikirnc^ > 

LViitnrr t< AoMhow UtrnlDrD. Bf Ki>iriH 1', U , 
nf ibn Il<« Ann. Ht s. S. r.Kjutr — XIV. M«tlr' 
Bf AiiiiA Piiii, >l,l>. — XV. \mrrfuB Jnrini't 

Vimiit* AniH-rr.— XVL lluiuutturUD PMntm. ;., i. : ; 

— XVlt. Rclld'li* UvT«)<>|«i«aL Ur III* lt«*. Joan h'. Ili 

MrrrLKV'S ni'Tt'tl KKKiniJC. TTtv Hi*« of ike Ihdrh Itermbltc 
A lltitory. Ily .InttK l.iiriinor Moti.kt. IJ^ll. ll.CI.. Willi ■ 
Pnrtniil of Wiilinin nf l)rnii)[e. 3 iwl*., Vvu, l.luUi, (10 AO; Hhrep, 

(12 0(1: luifr^cd? -jr.. 

MCITLKVS I SITKn NKTlIFHI.ASriS. IIi.ior^prih.|!niwil N«ib. 
«liin<bi friMii thn TImiIi of William tliv SiWi la iIm Tiirl>« Y«Hra* 
Thm*— liMV. Wlih K full Vira U ilw EnglUh- iJBUh Stmniiii afMinM 
Sfoiin, Utl cf llw Otigtn Mil] 1 hvKurtlin at lh« Spaniali Armmb. Bjr 
JoiiM |>iiTMii<iC Mori.KT, I.l>. I)., I). CI.. PgrtratU. 4 *vli., Vio, 
ClMb, til W; 8hi<cp. (10 W: llrtirCnIf. #38 00. 

MOTLKr-S LIKK AN1> HKATII uK JOHN OF HAHNKVKI.D Th« 
Lift: ntiil Ihuith iif John of Daneirld. AiliocKtu at tUMand : wilh a 
Viww at ihe IMmnrv Onnr* nml Mo>i<niMMii or'"!"!!* Tli(M»-»min' 
Wnr." Br JuUM UrtUKor MoitKr, Ll.l>., D.C.I. Illnuraivd. lo 
8 Tol*.. e>u,C)ulh, 47 (10; StiMiK 9<1 UU; Uklf (Wf. (II M. 



2 Valuable and InUrestmg Works for Public and PrtvaU £J&rarUt. 

•HAYDN'S DICTIONARY OF DATES, relating to sU Ages and Na- 
tiuns. For Universal Reference. Ettited by Benjamin Vincknt, As- 
HJHtant Secreiary and Keeper of ihe Library of the Royal Insiittitioa of 
Great fitiiain ; and Reviited for the Use of American Readora. 8to, 
Clutli, $3 m ; Sheep, $3 94. 

HILDRETH'S UNITED STATES. Histoiy of the United States. 
I'lusT Series; From the Discovery of the Continent to the Organixa- 
tioii of the Governmetit under the Federal Conaticuiion. Skcokd Sk- 
Bii^s: From the Adoption of the Federal Constitution to the End of 
the Hixteenih Congress. Uv Kichakd Hildretu, 6 toIs., Svo, Cloth, 

. $18 00; Sheep, $21 UO; Half Calf, $31 60. 

HUME'S HISTORY OF ENGLAND. The Histoiy of England, from 
the Invasion of Julius Cffisar to the Abdication of James II., 16S8. By 
Daviu Hume. 6 vols., 12mo, Cloth, $4 80 ; Sheep, $7 20 ; Half Calf, 

$15 30. 

HUDSON'S HISTORY OF JOURNALISM. Jonmalism in the United 
States, from 1C90 to 1872. By Fkedebic Hudson. 8vo, Cloth, $5 OU; 
HnlfCfllf, $7 2ii. 

JEFFERSON'S DOMESTIC LIFE. The Domestic Life of Thomas 
Jelfenion : compiled from Family Letters and Reminiscences, by his 
Great-gmnddaughter, Sarah N. Randolph. Illustrated. Cro^m Sro, 
Cloth, $2 50. 

JOHNSON'S COMPLETE WORKS. The Works of Samuel Johnson, 
LL.D. With an Essav on \m Life and Genius, bv Arthur Mdrprt, 
Esq. 2 vols., Svo, Cloih,$4 00; Sheep, $5 00; Half Calf, $8 50. 

KIXGLAKE'S <'RIMEAN WAH. The Iiivftsion nf the Crimea : it^ 
Origin, and iiii Aftoiirit of its I'rugress down to [Nu Dtuih of Lord Kiig- 
Ifin. liv At.h;\ANT>Kii WiT.MAM Kingi.akk. Wiih Mnps nnd Pliins. 
Three V'olnnios now reudy. i2mo. Cloth, §;! 00 jwr vol. ; Half Calf, 
$;i ".") per Vol. 

LAMISS COMPLETE WORKS. The Works of Chniles Lamb. Com- 
prising his Lc'tiers, I'ocms, Essnys of Elin, Kssnys upon SKnkspeare, 
Ho;;iu*ih, St'., mill a iSkeich of his Life, with the Fiiml Memorials. Iiv 
T. XiH.N TAi.ri)i'iii>. With I'ortrjiii. '1 vols., 12iiio, Cloth, S^ 00- 

iiiiirt'iiif, 9iK, r.a 

LAWIiENCK'S HISTORICAL STUDIES. Ilistori.nl Studies. Bj 

Err.i:M; Lawuknck. Conljiiiiinj; tlie follmving Essnys : Tlie Biilhops 
of Kiiirie. — Leo iind Liitlier. — Loyola iind the Jesuits. — Ettimenii-jvl 
Coiiticils.^Tlie Viimlois. — 1'ho lliLKiioniits, — Theflmrch of .Icnisiilem. 
— Dominic nnd X\w Inipiisiiian. — Tlie Conquest of Irelmid. — The Greek 
Cliiiit-'ii. fvo, (.'Inch, nnciit edges and gilt lops, S3 00. 

HYKliSS in-.MAlNS OF LUST EMl'lHES. Rem.iins of Lost Km. 
pires : Ski-iclics of the Htiiris of I'lilnivrii, Nineveh. Biibvlotj. and I'er- 
wpolis, ivitli some Notes on Indin nnd tlie Ciislimcrinn UimiUuyas. li_y 
r. V. N. :Mvb:i(S. IlliLstniied. »vo, Cloib, $3 50. 
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IXVtSINr.'S |rilU.D.II(M>K UF THK HEVOMTinN. PlRorW 

FirbMtnok o( ika MeiiiJiition : or, llliitCr«li«ii« I>t I'cn and I'cnril of 
llw IliaioiT. Uiocnilitiy, Sc«n«r«, Urlin, aittl Tnidilioti* of tlx) Wnr for 
iiHle|>«Hkn«t^ IW B'kkmok .F.'I»<»I!«g. 3 <rvU., (•"o, Cloth, tl( Ott' 
6bM|iorHMn,«lA(M; llnlf Cjtir. «I8 m. 

LOSWINr.H irE!.T>-BOOK OF THE WAR OP lHt2. Pktariil 
KiHil IliMik of Iho War uf INIZ : nr, IlluNirultimii hv r«u ami I'nu-il of 
iIm DiNtury, lItiiKn<|i)iv, !vtMK'rT. It<'li<r», nixl Tiadiltun* uf tlw last War 
for Anierimn ItiJrpeiiileii'-?. Bv |lh^'MtK J. I>i»«i^i:. Wltli tererml 
knndrvd Enemir irifpi on Wood bv Luaaing ami llarrirt, Hilcfly from 
Original Skcblie* hv the Author, lUHB p^gm, tivo, Vkab, fT 00) 
eUmp Of Bmii, t« Mti llall c«li, «lo uu. 

HACAVLW'H HIST*ittY op ENGLAND. Tho IliMm of England 
from the .Kfvr*s'vm uf Jainot II. Dv TirouAM BAWti<iT«x Mauvlat. 
ATi>l!>,.(lv.>.('k>lh.#IU(KI; Miec|>.4l-.' :>!>; lliilf I'lilf, $21 Z&i imin, 
aolh,«4 OOi tilxwp, ^AUO; ll*lf I'nir. «IV 7.'>. 

HACAULArs LIFE AND LETrKRS. Hie Life anJ LcttOT of Lord 
MiK-aiiliiT. IW liU Na|tli«w, Ci. Orr«i Tuktbitah. Ml'. With |*or- 
iniil on Sioel. C'«Mil>leiv ii> 'i <«lh, ti^o. Clotb, utinit vigv* nnd (ill 
UW. «A (» : Slices $A 00 1 lUtr Calf, ^ M). f<i|>tltor lidltlH, i 
VOla. ti) line, VJmo, Clodi, fl 73^ 

WlKSTKKS l.IFK OK l>KAN SWIFT. TI.e F«.lv Uh of JmmiImii 
SviD (|fk>7-l'll). Uj- Juii» FojumK. Willi Vutiniii. Bvo, Cloth, 

•OKKKNW SmiliT IIISTOUY UV THE F.NGL1.SII Pl-yil'I.K. A 
SluMt llittor; uftlM! Fti|^li«li Feupk. By J. K. GmlLi.!>. M.A.,EJUim- 
iner in iho VhnnI of MixWn llbiwy, Ukftinl. Wub Tabtw and Col- 
ons! Mn|yf. f(vo,('tiitfc, tl i''i. 

IIALI.A^I S MlDlllj: .M'.l-lS. V;«« of lh« MiM nt 1-Jifnf.c dufinK 
tlw Mtdill« Afleii. II* lUvKT I1AI.LAM. »*o, Clulh. #1 M , tib«*p, 
$2 AU; liairCalC^I l!-''. 

IIALUV.MS COSSrnXTIUNAL IIIKTORV OF ENGLAND. Tlw 
t'AiKlilnlinnal lliunrv of Knjclatid. (Vntn iti« Acrwioci ot llcan' V|l. 
tu tha Dmh i><(iiM>rK« II. \iv IIksiict M4U-*a. Svu, Olotb, pi! OOt 

^bM|•, 93 Mf luircAif, »i u. 

UA I.I.AM'S I.rrKKA'l IKK. InlnxlDrli.iA to tho I.ttomtiara at l^jiiopa 
duTtiix the FiAtmilh. SixKwilk mtiJ iMioiimtilh Cetitiiife*. fly lliji- 
RT lluxAH. S 10b., tlvo, Cloth, #4 «D[ SboBp, ts UQi Half Calf. 

fH M. 

SCIIWFlNKrilTII'S IIK.^ItT (IK AKUICA. The flnn U Africa 
ThrM Venrp' Trmivl* ati'l A'tiriiiitir* In iha Unfi[J'iri*l Kr^iim* iiftlia 
Onirt «lf Afrim, Krem in*» m I"!!, liy Dr. Cikibo >W-mwwj«- 
n'HTM. TrmiiklAici] Iky Ut<.ii.i> K Pakwaa. WKh an ltiinj>]ani«n by 
WiKW(H>[> |{b«|ii:, liliittraKol l>.i aliool 130 WihmIi-hi* finm UrnTOgi 
m^iiii bj the Aiiibor, and niifa xnu Ua(«. 2 vol*., ivc, Clulk, ^ UU. 
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WCUNTOCK & KHIONCS nYCUll'^KtHA. l>cloiw<li* of liib. 
lic-A], Tllciilu^inl, anil Kocipsiutticnl Liivimuic I'n^Mrcd bjr iba lUn. 
John ArL*i.iKrac?K, U.I),, anal Jaues Stkumj, iS.T.D. 7 ru/s. m«iv 
rruc/y. IIuvnI Pnt. hricc |h.t vuI., Cluib, t:^ i»; Shwp, (4! SSH; 
Ihilf Moroctfo, $S Wl. 

AIOHAMMED AND MOIIAMMKJMNISM: I^tnrw Ddi<cred « 

llio hujnl Ii)»iiiuiion uf Gi«ni brimiu in Fffbranir and Btjirch. 1NT4, 
Kr It lliiswonTii Suitii, M.A., A^nUlmil \lBiit«r in Murruw Scltoul; 
lute l-'clli>w of Triniiv (.'ojlesu, DxlinO. Willi an Ajtpcniliic cmnnimng 
EinaiiiU!l Dwui»ch'i> Amtl« uu "l»l«tu." Vixen, Clotb, %\ SO. 

MOSIIKIM'S ErCLEJilASTirAL IllS-mitV, Anciftiit AnJ M^-dem ; 
in whii-ti ilie lii*c, ['rogrcM, iind Vaiiiiiiun "f Cliincti I'lmfr nrx- cin- 
ijdcreil in their Connection niih ilw Suiia of Lpumlnj; imd 1 
and tliQ I'ulKical Iliftoir of Kurojie tlmitig that I'criod. I 
with Notv*, Ac, hr A. H*<rt-*i»»;. It.l* Cotitinowl to In.", nv i . 
CuoTK, LL.1>. 2 vob., Sto, Cloili, $1 UU; tilmeii, $5 UO; lUlf t«lC 

UAHPKK'S NRW CLASSICAL LraRARY. IJieral Tnvn*Uliott>. 

Tliu fullowing Volume* nre now renJr. 1:;iiio, Cloih, Si flO eneli. 

Ct:»\IL — VlHOIL. — SALUtST. — HuiucB. — CicKBo's OiiATtojte. — 
CitBlios UrriCKW, Ac— ClCKKO OM UKATOIIV *J(I> ()ll«TillU>. — 

Tacitch (S *oU.)l— Tkukxcic— Soriii.«ri.ie»,— JitvKX*!.— Xkni>- 
■•ii'in,~I{uhkk'« Iliau. — Uumkh'h Outhmit. — ilwiniHirii^.— Ue- 
iiiiHTitKXiiN (2 viils.). — TiirrTinm-i.^.KwiiTLrR. — Kmii-ii>xa (S 
vol».>.— Liv« (2 vuU.). — I'l^io [Selei;l Uinluguiai]. 

UVINGSTOKET* SOimi AVltlCA. Mlwdnnnry TniwU ■iwl Rf-- 
«wrcEi«> in Soutli Afrira: incluiliiij; h Sketrli ufNixtm* Yeno ' 
clenoe in the Interior of Afriva, hdiI & Joumev fiviii the Ch^ vi ' 
Hope 10 LimnjAfiti the Wopt Coast; ihcncu acrw^ iborotiiiiiciit, 
the ItiTcr ZitlMhcai, to ttic KiMtcrn (>cuui. Ity li*vii> I^vim.v: 
LL.I>., D-CU With I'tii'inui, Mnpa, aiul lIliutTBtiuiui. ijvo, K,i....i^ 
94 SOi ShM]p,$fi 00; Half Call; •& 7S. 

LIVlXOSTflNirs ZAMIiKST. XftirotlMi of nn Expedition to tba Zam- 
be>i itiitl its Tributn,iic«, nnil uf tiie Dim^vorv uf ihe Lakos l^irwn and 
Ntamil, ld.'>H~lHiil. By Uatii) iinJ CiixatEs UrtxcATosK. With 
M'ii)> iind lllu5tivtiona. 8va, aotli, ^ 00 ; t>h«c{H«^ £0; HalfCMU, 

LIVINGSTONE'S LAST .JOURNALS, The L«.t Juamalf of X^vnA 

LifinfT^inne, in <Jtnirnl Africa, from IHKti lu liLi iHuith. C»oiiniir<l hy 
n Narrative uf liu< Iiaxt Monicnid aiii) SiitTtiinf^ ot<iflin(qi fixini liii 
Fnictiful Si*nanM Chiiiti^ nud Sii«i. Wt IJniiArr. Wai.i.cii, F ItliiS,, 
Bwiur ofTwru-cll, Notiliauptun. Wiih rtTimii, Mafi*, aixl llluitn^ 
lions, ^ro. Cloth. $.'■ n<> ; Stii-c|>. fA IH); Half Cnlf. $7 25. C1»eap 
l*(>|iiiliir l-Miiioii, Kti>, f*Iiitli, wtil] Map hikI llltu>lni(iuii», ^ IXL 

GKOTF.:* HISTOKY OF OKKW E. Vi <«l»„ ISmo. Cloih, %\i 00; 
Khcqt, $S2 tW ; Half Calf, «3if (Ml. 




Hi:i'U:S*S EAUTII. Tbe IC*tlh: a)ittMipti<i» Hblon of rha 1%^- 
iwraow uf thv l.ir« of lb* (llohk D]r Eli*U lUvi-^a. WiUi 3.^ Uau* 
■ml lUuit ration*, and :^t l*am Mapft pfiDicd in i'ulon. Mto, Cloui, 
9.'> nO; lUifCuir. «: s^, 

nEl'LUK'S (K:KAN. TIw Omm, AtmnaplMra, aod Ufe. (king ibt 
KeoMid iSeriei of a Dewrimive UUtory of ibe lifit oT ifci Oloba. Bj- 
EusKK HiSTLOB. I'roriiMiljr IlUiMnt*^ with ZfiO Uuh w IDcnna, and 
37 Mnp* primed in Culon. ttru, Clulli. #8 00 ; lUlf Cilf, $8 SA. 

NdKniioD^-s coMMrxisTir syK'itn'iK'* of tiik ixiteh 

t'TATl'>^ 'Itia f'tiui mull Mir S>rieiiv« of lliu L'nlleil Mmim, rnmi IVr- 
»vuul Viiil «iiil lMHi-itniii>ii ; itii-liidtitx l)i<iiiiM Ai.rv>iiii« vf liie E^iJti* 
OBUls, Z«arilM>. Shnkvrr. l)ic Amjinn, 'VKidn. Bfibol. Aatm*. Icitiam 
■■d (MlieracbKinc Koci«iie*. NVlili l'.inirul.ira ofibur IfaHjtIow CrxaJa 
«Rd l^nciiee*, iJtcir Sucial TlH-iiim itiid Liti;. Numben, iHOuatrias aud 
I'rcnciii C'oiMlitkta. IJ7 Chaklm Nonmiorr. IllnuMkma. 6«o, 
Clulli, tf OOl 

NUUU1((IKF8 CALIFOKMA. CaUfomia: fur Ilalih. I'loaaw^ and 
ItwidMH-r. A Uwk for Tnivallon aad H^uiet*, I0anni»i. Svo, 
Clulli, #» :.o. 

SoitrinriKK's N<mnii-Rx rAUFoiiNiA. tmwios. an'I> tiik 

S.\N]m'iriI ISLAM'S. NdiilM'ml'iilifonito, Urrtiun. ftiHl ihaSanO- 
wicb labuMlg^ il) CUUUXA Nuuiiilut'ir. lllutliiacd. tw, CloU^ 

rAirrON^ CARlCATlltR. r>ri»taf« and nther Comic An, In All 
TInw* bdJ Man; Land*. iU .T«mm F*rti»i. With 3U3 lUiMniiun*. 
8to, rUiih, Gilt Tup* and micul vdge^m, ^^ iNJi 

•KA\n,IN!il)N-S MANUAL i*V ANCIKNT HlsTOUV. A Mannal 
iif Ancieml lli*trint. fmm tlin l-Uilicrt Tiltm lu ibo K«ll of tb« WMMrn 
Kmplic. Cuiiipiiiiiric llio llnlunr of ChaMnna, Awiiiia. Media, Xlatiy* 
Ionia, Lrdia, I'Wnirin. Srrln, Jada*. Egrpc, Cnnhnjiv. I'crua. GnVG*, 
Miic«d()Biii. I'artbia, and' \Uwte. Rr UKowia It.tWLixi>4>9>. M.A., 
(.'mn-lrn Pntfc^iki'it of Anrirttt Ili*tu(]r In tbo t'liiteniijr ur Clxfc>rd, 
U'mo. Huth, «l -Id. 

NirilOLS'S ART KDITATION. An VAantUm ap|>)i«l w In^uttrj, 
Itr OmmtiK W'abu Nii'iioi^. Aulhor of "The bluff of the (itml 
»farrli ** IlliiMiwioil. Hio,ftDtb,#4 (N>. 

BAKF:K'S ISMAII.fA. hmailiiit: n NnrrailtfiurikD K»|«liii<miiit>u- 
iral Af'it''* fi<r ■!>« Sti|i|>r««kM>n ii( \\n! SLtiriniiltt, nritiiiiiitHl \ij Itinail, 
Kli«ili«« of l-<v|>i. Kv Sir s««ri:t. Wititi: Kjikkn. I'»kii<. F.li..H., 
P.K.G.8. Wii)iMii|>s rMtRU<t.aiMllllutinuio«i«. f<iu, Cluth. (.1 00; 
IUIfOalf.«7-ir.. 

Itt^WKLL'S JOHNSON. Tbo Life of Smnml JahnaoB, LUP.. In- 
rluilbtica Jnnrnal lA m Tour 10 (h« Ilebrlda*. Br .Iahiis Bo^wkll, 
l>|. Ivhr«d tiv Jtiiiv WtiJiOH Crokkr. IJ^1>.. K.R.S. With a I'nr- 
iniil of Uwwall. -i «ulii^ 8v<^ CUaH, t* OO : Mm«1^ fS IV ; lUU C^T, 
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VAN-I.KSNEP\S BIU],F, LAXUS, BiWo Luiids: ihrir Mti'Ienl Ctti. 
[nms nniL Muiiinei'M Illiiiitmilve of Scrifiiiirf. Bv tlie lCc;v. M»;M(.t J, 
VAs-LKfiMic. I>,U. nUistiKwd wiih HifWftrd f)l'»r>0 Wooil Kik^iiinngi 
HiiJ (u,u Cvlorcd Mnps. ^34 |^p., Hru, Cloth, $6 UO ; :Sliee^. ^Q <M ; 
Hiilf MrtrcHJCo, ©8 fW. 

VISCENT'S LAND OF THE WHITE ELEPHANT, The Lhik] of 
ills' Wliite Kk'i'liiint ; Sigbti! am] Scevius in ^utilli natter ii AuJii. A Per. 
EOiiiil NniTAltire (rfTmvei anij Ailvd^iitiire in Ffirthei- IniJi™, erol'mdng 
the Cuunliie* of Burma, SiBm, CumEiutlin, and t'tn'liin-t'liirPH ( 1 1*71-2 1, 
By fc'uANK ViNt'KJ-r. rlr. IllusiraicJ »\)ih Alii|)i(, Plunii, uiid Woodiins. 
Cro^vn 8to. Clotli, *il m. 

SHAKM'HAHK. Thv Dtamniic ^Vorlu of WiSliPim ShRki')icni><'. Willi 
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